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.ȅˌDǜ(Ŋōȑƻ-×ȒA(@˫ɶ Aspergillus oryzae /gv
Óʋˁɐ)@G~`Dɶ³Ġ-ġˇ-ÓǕȐȑ@*ȅˌDǜ(÷Ʃ
=?ǥʿ<āĈ,+.țˁˣă.ʃʰ-Ȓ>A(?ȗȝ-;īÉť.˩ʔ
:>A(@şȐȄ)@˭Barbesgard et al., 1992 ˮʪŋ)/ʻ­ĨƉ´ųɾŤʯ
-țĿ#*)˫ɶ.ÉVmʋƫ;ɓŝ>A#VmŨėDǜȒ(˫ɶ
Ȑȑ@ȑƻƢȒ,ˁɐ.˩Ȑȑäʒ8>A(@˭Machida et al., 2005 ˮ 
 >-˫ ɶ/!.īÉť.˩*bpSʠ.ÓǕɪÞ.˩Dǜ(Țȵb
pSʠȐȑ.Ĵ×*(.×Ȓ;ƣŚA(?A7)-˫ɶDȒ(Țȵb




amyB.vb×ȒA#˭ Tsuchiya et al., 1992 ˮamyB-ß(TWG~
`ʻ­Ĩ glaA ò0α-TW[c`ʻ­Ĩ agdA ,+.G~`Ɍˁɐʻ­Ĩ/
Zn2Cys6ēʥÍċĨ AmyR -=%(ØŞA@*ȥ>A(?AmyR /G~
`Ȑȑ.ʕĺĖʠ)@}h]<gvĩĐ@*ØŞʻ­Ĩ.țȊDʕ
ĺG~`ȐȑDǜťä@˭Gomi et al., 2000; Suzuki et al., 2015 ˮ>-
amyBglaAò0 agdA.vbʋƫ.ɖƮAmyR.[]Lh)@Region
üĭA. RegionDbg-ʄƐ¼ĺÈ#Ƌɲē˩țȊvb








˦@*}h]DêǺɐǭ*#ĕđ*Ǌʦ( amyB / CCR Dö@*
)țȊɷŴØAα-G~`Ȑȑť;²@*ʉķA#˭ Fig. 0-1 ˮ
!.#:˫ ɶDȒ(ȑƻƢȒ,ˁɐ<ȚȵbpSʠD˩Ȑȑ@-/CCR
ʋ˔A#˫ɶƴ.ʰŮšʅ*A(@ 





ɽʻ­Ĩ.țȊDɫŴØ@˭DeVit et al., 1997, 1999 ˮ 
 ƗgɋȆɶ Aspergillus nidulans-@ CCR/C2H2ēʥÍċĨ CreA-=%
(ØŞA(?>- CreAªĠ. CCRˏʱċĨ*( CreBCreCò0 CreD
üĭA(@˭Dowzer and Kelly., 1991; Kato et al., 1996; Hynes and Kelly., 1977; Kelly 
and Hynes., 1977 ˮCreA/ˁǉ*/Ț,?rQdäɫrQdä-=%(ØŞ
A@*ɦ>A(?TW]ĩĐƨ«)/ɫrQdäˁɐ CreB ò0
WD40 shbpSʠ CreC .ʄú³-=%( CreA /ɫrQdäAT
W]˛ĩĐƨ«)/G]dƾbpSʠ CreD *rQdP` HulA -
=%(rQdäA@*ũA(@˭Lockington and Kelly., 2001, 2002; Natasha 
et al., 2004 ˮ 
 A7)-ů/˫ɶ-( creAò0 creB.êȇò0¡˅ȪĝƴD´ʃCCR
3.ŗ˝Dʋƫ#ɖƮÉ(.Ȫĝƴ) CCR ʋ˔A#*>˫ɶ-(
; CreA ò0 CreB / CCR ØŞ-ˏ(@*Dƚ>-#>- CCR ʋ
˔A#*-=%(É(.Ȫĝƴ)ˆȐƴ=?;α-G~`Ȑȑťýȅ-
creA/creB¡˅Ȫĝƴ/êȇȪĝƴ=?;ˡɷ-˩α-G~`ȐȑťDȭ#˭ Fig. 







N}]Óʋˁɐʻ­Ĩ;G~`Ɍˁɐʻ­Ĩ*üƾ- CreA -=@ CCR Dö@
*ėĀA(@˭Tamayo et al., 2008 ˮª.*>˫ɶ-(; creAò
0 creB ȪĝD@*)α-G~`-ß(oIN}]Óʋˁɐ;˩Ȑȑ)@
.)/,*ƣŚA@ 



















ɐD˩Ȑȑ@*Ǐ:>A@!.#:, ĕđ-=%( creA Ȫĝƴ.ˁɐȐ
ȑť²@.Dƚ>-@*/=?ƢȒ,ˁɐ˩Ȑȑƴ.ʰŮ-&,@
*ɦ>A@ 
 ª.*>ƦëĞʘƒ)/˫ɶ-@ CCRˏʱċĨ)@ CreAò0 CreB
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-ȤȟȾ 1ȼ)/ƾ,ĕ˦ƨ«-@ creAò0 creBȪĝƴ.ˁɐȐȑťDʋ
ƫA>.ʻ­ĨȪĝ/˫ɶȐȑ@ġƾ,ˁɐ.˩Ȑȑä-áƮ@ƹʎ
#Ⱦ 2ȼ)/ CreA-=@ǡ³ĕ˦Ɯ.ɶɋŖŬ.ØŞOk^Dʋƫ>
























Fig. 0-1 Glucose-induced repression of α-amylase production. 
 Εxpression level of α-amylase gene amyB (B) and α-amylase activity (A) in the presence of 
glucose. The values represent the means of triplicate experiments with standard deviation 































































Fig. 0-2 α-Amylase production level of ΔcreA, ΔcreB and ΔcreAΔcreB. 
 Halo assay on starch or starch plus glucose agar plate (A) and α-amylase activity in liquid YP 
medium containing 1% starch or 1% starch plus 1% glucose for 48 h (B). The values represent 
the means of triplicate experiments with standard deviation indicated by error bars. (*p<0.05, 























































 RNA ˏʱį˨-(µȒ@Ǎ/Milli-Q Ǎ- 1% (w/v) diethyl pyrocarbonate 
˭DEPCˮDß37	)Ɲž*ś- 121	120ÓˎNhSuÑȌDɽ
*) RNaseDĬÉ-˔ï#;.DȒ# 




 ƦëĞʘƒ)/ª.ĕđDµȒ#ĶģĕđD´ʃ@Ęú/ĕđ- 1.5% agar
Dß# 
˭1ˮCzapek-Doxĕđ˱1% glucose, 7 mM KCl, 11 mM KH2PO4, 70 mM NaNO3, 2 mM 
MgSO47H2O, 1×Trace elements* 
 *1000×Trace elements; 3.6 mM FeSO47H2O, 31 mM ZeSO47H2O, 1.6 mM CuSO45H2O, 
0.7 mM MnSO4,5H2O, 0.3 mM Na2B4O710H2O, 0.04 mM (NH4)6Mo7O244H2O 
˭niaD-ƴ/ 70 mM NaNO3 .©C?- 70 mM (NH4)2SO4 DȒ#sC-ƴ/ 33 mM 
L-methioninepyrG-ƴ/ 20 mM uracil ò0 20 mM uridineD!A"AǤß#į˨ƨ
«-Ţ(ǺɐǭDʸĮğƟ#ˮ  
˭2ˮYPDĕđ˱0.5% Bacto yeast extract, 1% Bacto peptone, 1% glucose  
 ˭į˨ƨ«-=%(ʸĮǺɐǭDğƟ#ˮ  
˭3ˮ LB+Ampĕđ˱1% Bacto tryptone, 0.5% Bacto yeast extract, 0.5% NaCl, 50 µg/ml 
Ampicillin 
˭4ˮSOBĕđ˱2% Bacto tryptone, 0.5% Bacto yeast extract, 1Ǽǀęˢ* 




 ÓȐĨŖŮĕđ*( Czapek-Dox ĶģĕđDȒƸɶś/çÓˇ.ÓȐĨŖŮ
@7) 30	) 7Ƙˎȳŏ˚ɢĕ˦#Ǳɶǧ8. Tween ǰǡ˲0.8% NaCl, 0.025% 
(v/v) Tween20 5˳ mlDÓȐĨŖŮ#Ķģĕđ-7Ȝˈɧ)ÓȐĨDõ?
ŭǵ#Ǳɶǧ8~S]˭Calbiochemˮ-(ŭǵǡDBʴŭǵǡDǱɶǧ8
du-˗:#3,500 rpm) 5ÓˎʷŠ#śǥDſ(ǱɶǍ 5.0 ml-ÓȐĨ
Dŭǵ#ADÓȐĨŭǵǡ*ÓȐĨƐ/ɼȋʍɁȃ˭ Thoma -ˮ(ʍǬ# 
 
0-2-4) ĢɬɶWsfh_.ʗʃ˭Hanahan. 1983ˮ 
 ęäO[Jǖ-=%( Escherichia coli DH5αƴ.Wsfh_Dʗʃ#
-80	-ºĩ(@ E. coli DH5αƴ.T_]heSD LBĶģĕđ-Ƹɶ
37	) 10Ɯˎȳŏĕ˦#êWkD LBǡ³ĕđ-Ƹɶ( 37	) 8Ɯˎȳ
ŏž*ĕ˦ĕ˦ǡ 20 µlD 500 ml ɥƶ&ʊt]W-´ʃ# 20 ml SOB
ĕđ-ß#śO.D.600 0.4~0.6-ʵ@7) 18	180 rpm)ž*ĕ˦#ĕ
˦ǡD 10Óˎǎ)˚ɢś50 mlʷŠdu-ĕ˦ǡDȲÈA4	3,000g
) 15ÓˎʷŠ#ǥDõ?˔Ǒǈ*(ŝ>A#ɶ³DǎÎ TB* 15 ml -ŭ
ǵÌ0 10Óˎǎ-˚ɢ#4	3,000 rpm) 15ÓˎʷŠǥDõ?˔
#*B-ǎÎ TB 4 mlDß(ɶ³Dŭǵ!-Dimethyl sulfoxide˭ DMSO 2ˮ80 µl
DǤß(ǎ) 10 Óˎ˚ɢ#1.5 ml ʷŠdu- 50 µl &Óǘǡ³Ⱥ
ɐ)ŤÎ#ś-80	)Ðɖºĩ# 
*TB: PIPES 0.6 g, CaCl22H2O 0.44 g, KCl 3.72 gDɍ 180 ml. MilliQǍ-ǰʋ5 N 
KOH-=? pH 6.7~6.8-ʗƑ#MnCl24H2O 2.18 g DßMilliQǍ)Éĳ 200 ml 
-,@=-ʗƑ0.22  µm tHbDȒ(ǷʴǱɶ4	)ºĩ# 
 
0-2-5) Ģɬɶ.Ŗʠʥƅ 
 −80	)ºɂ(@ E. coli DH5α.Wsfh_ 50 µlDǎ)ʋÐȟȝ.v
]~iǰǡDß#ǎ) 30Óˎ˚ɢ42	) 30ȱˎǿÑȌDɽ%#śŤÎ
#LB + ampĶģĕđ-ƃȵ37	) 8~12Ɯˎĕ˦# 
 
0-2-6) GO SDSǖDȒ#Ģɬɶ>.v]~i DNA.Ċô 
 9 
 LB + ampĶģĕđ)ĕ˦(ŝ>A#Ģɬɶ.WkDõ?LB + ampǡ³
ĕđ 4 ml-Ƹɶ37	120 rpm ) 12~16Ɯˎž*ĕ˦#ĕ˦ǡD 1.5 ml d
u-Ȳ15,000 rpm) 30ȱˎʷŠ#śǥDõ?˔#!-Ì0ĕ˦ǡ
Dß(üƾ-ʷŠǥDõ?˔#*B- GTEǰǡ˲50 mM glucose10 mM 
EDTA25 mM Tris-HCl (pH 8.0) 1˳00 µlDß{feS]~QYDȒ(ǑǈD
ŭǵ#- NaOH-SDSǰǡ˭0.2 M NaOH1% SDSˮ200 µlDß(ȷ<-
ǣúǎ) 3~5Óˎ˚ɢ#ś-ˀ˂OJǰǡ˲ 3 M ˀ˂OJ2.3% (v/v) 
ǎˀ˂˳150 µlDß(ǣú#śǎ) 5Óˎª˚ɢ#4	15,000 rpm )
5ÓˎʷŠǥDƖ 1.5 mldu-Ȳ!-ȿˇ.IavpmD
ßǣúś4	15,000 rpm) 5ÓˎʷŠ#ǥDõ?˔ǑǈDȀ#ś
TERɞɿǡ˲10 mM Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0), 10 µg/ml RNase A˳200 µl
-ŭǵ37	) 30Óª˚ɢ@*) RNAD˔ï#!.śtKmS
zŸÒÑȌDɽLbmǑǈ-=?ŝ>A#ǑǈD TEɞɿǡ˲10 mM 
Tris-HCl (pH 8.0), 1 mM EDTA (pH 8.0)˳40 µl-ǰʋ#ŝ>A#v]~i DNA
DGP]V˙ǌǚâ-¶@*)õŝ)#*DȬʔ# 
 
0-2-7) Polymerase Chain Reaction˭PCRˮóŢ 
 PCRóŢ-/TaKaRa TP240TaKaRa TP600ò0 BIO RAD T100TM Thermal Cycler
DȒ#DNA polymerase-/Ex-Taq (TaKaRa)Q5R  High-Fidelity DNA Polymerase








0-2-9) GP]V˙ǌǚâ-=@ DNA 
 TAEɞɿǡ˲40 mM Tris, 20 mM acetate, 1 mM EDTA (pH 8.0)˳DȒ( 0.8% GP
 10 
]VD´ʃTAE ɞɿǡ)ǚâDɽ,%#ǚâś.GP]VD 0.5 
µg/ml Ld\Ju}Iiǰǡ)ƱɳUV-h]I~lb˭Ultra-violet 
ProductsˮDȒ( UVDǽĹ@*)DNADɻÇ*(ƹÒ#ÓĨˇ}O
-/1 kb DNA ladder˭New England BiolabsˮDȒ# 
 




- NaI solution 500 µl Dß( 55	)ɍ 10ÓˎIQxh@*)GP
]VDĬÉ-ǰʋ#!-EZ-GLASSMILK 2 µlDß(ȷ<-ǣú
ǎ- 5Óˎ˚ɢ#13,200 rpm) 5ȱˎʷŠǥDõ?˔#Ų-New Wash 500 
µl ß(ǑǈDŭǵ13,200 rpm ) 5 ȱˎʷŠ#ǥD˔#Ų-Ì0 New 
wash buffer 500 µlß(ǑǈDŭǵ13,200 rpm5 ȱˎʷŠ#ǥDĬÉ-õ
?˔!- TEɞɿǡ 5 µlDß(ǑǈDŭǵ55	- 3Óˎ˚ɢ@*)
P]r^-ÿȤ# DNAƔȂDǰÒ#13,200 rpm) 30ȱˎʷŠŝ>A





 ʗʃ#xSbDNA*IYh DNA.ˇǊ 1 : 3 -,@=-ǣúDNA


















 ˫ɶ.Ŗʠʥƅ-/vhv]h-PEGǖDȒ#˭Gomi et al., 1987 ˮ200 ml
ʊt]W-´ʃ# YPDǡ³ĕđ 50 ml-Ĵ×ƴ.ÓȐĨDʸŕˇƸɶ30	
120 rpm) 24Ɯˎž*ĕ˦(ŝ>A#ɶ³DP]tHb˭3G1ˮ)Bʴ
ǱɶǍ)ǛǞ#ǸǹǱɶ#ɺDȒ(ɶ³.ǍÓD˔#ś0.22 µmtH
b)BʴǱɶ#vhv]häǰǡ˲2.5 mg/ml Yatalase0.8 M NaCl10 mM
˂jhJɞɿǡ˭pH 6.0ˮ˳ 10 ml-ɶ³Dß#30	) 2ƜˎIQx
h˫ ɶ.ɒɩĜDǠä#vhv]häÑȌDɽ,%#ɶ³DǱɶǧ8.~
S]) 50 mlʷŠdu-Bʴ2,000 rpm) 5ÓˎʷŠ#0.8 M NaCl 20 ml
)ǑǈDŭǵ2,000 rpm) 5ÓˎʷŠ#śǥD˔#*B-Ì0 0.8 M NaCl 
20 mlDß(ǑǈDŭǵ2,000 rpm) 5ÓˎʷŠ@*)vhv]hDǛǞ
#ǥD˔#*B-šʅˇ. SolI˲ 6M KCl10 mM CaCl210 mM Tris-HCl (pH 
8.0)˳Dß(vhv]hDŭǵ>-ß# SolI . 0.2 ½ˇ. SolII˲40% 




# DNAƔȂDȒ#50 mlʷŠdu-˭˯ˮ)ʗʃ# 0.2 mlvhv]
hǰǡD*?!-Ø˒ˁɐÑȌǧ8v]~i DNA7#/ PCRƔȂDß(ǣú
ǎ) 30Óª˚ɢ#- SolII 1 mlDß(=ǣúİǫ) 15Óˎ
˚ɢ#!.śSolI 10 mlDß(=ǣú2,000 rpm ) 5ÓˎʷŠǥD
 12 




*ŖʠʥƅȒĕđ˱ Czapek-Doxĕđ- 0.8 M NaClò0 1.5% agarDß#;.DȒ# 
**ŖʠʥƅȒʤĶģĕđ˱ Czapek-Doxĕđ- 0.8 M NaClò0 0.6% agarDß#;.D
Ȓ# 
˭3ˮPCR-=@Ŗʠʥƅ¾ʂƴ.ʺŶ 
 Ǳɶǧ8.ȁƺƯDȒ(Ŗʠʥƅ¾ʂƴ.ÓȐĨDõ?400 µl YPDĕđ.È
%# 1.5 mlʷŠdu-Ƹɶ30	) 2~3Ƙˎ˚ɢĕ˦#15,000 rpm) 5Óˎ
ʷŠĕ˦ǥDõ?˔#*B-ɶ³*ȿˇ.P]r^Dß-80	) 3
Ɯˎª˚ɢ(ɶ³DÐɖ#Ðɖ#ɶ³È%#duD{feS]~
QY- 5 Óˎ!.ś-80	- 5 Óˎ˚ɢ#Ì0 5 Óˎ{feS]~QY
-@*)ɶ³DȪȩ#-ǰɶǰǡ˲50 mM Tris-HCl (pH 8.0)10 mM 
EDTA0.1 M NaCl2% SDS˳200 µlò0 TEɞɿǡ 200 µl Dßȷ<-ƊŹ#
śİǫ) 15Óˎƌɢ#!.śtKmSz˭1 : 1ˮ400 µlDß
(ȷ<-ƊŹ15,000 rpm10Óˎİǫ)ʷŠ#ŁDƖ 1.5 mlʷŠd
u-Ȳ!-tKmSzIaG~GW˭ 25 : 24 : 1 4ˮ00 
µlDßȷ<-ƊŹś 15,000 rpm5Óˎİǫ)ʷŠ#ŁDƖ 1.5 mld
u-ȲLbmǑǈÑȌDɽ,Ȁ#ǑǈD TERɞɿǡ 50 µl-ǰ





0-2-14) ˫ɶ>. Total RNA.ŸÒ 
 ǡ³ĕ˦(ŝ>A#ɶ³Dǡ³Ⱥɐ)ÐɖȪȩ: 1.5 mlʷŠdu-Óǘ
(# ISOGEN˭Nippon Geneˮ1 ml-Ȫȩ#ɶ³Dß{feS]~QY
DȒ(çÓ-ǣú#İǫ) 5Óˎ˚ɢ#śSz 0.2 mlDß({
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feS]~QY) 15ȱªƈŹİǫ) 3Óˎ˚ɢ#4	12,500 rpm) 15
ÓˎʷŠŁDƖ 1.5 mlʷŠdu-Ċô#-Ċô#Ł*ȿˇ
. 2-propanol Dß=ǣú#ś-İǫ) 10 Óˎ˚ɢ#4	12,500 rpm )
10ÓˎʷŠǥD˔#*B- 70% Lbm 1 ml Dß4	12,500 rpm
) 5ÓˎʷŠ@*)ǑǈDǛǞ#ǑǈDȀ#śDEPCǍ 30 µlDß
{feS]~QY)=ƈŹ(ǑǈDǰʋ#ŝ>A# RNA .ǶŏD 
NanoDropDȒ(Ǭĭ# 
 
0-2-15) complementary DNA˭cDNAˮ.úŮ 
˭1ˮDNaseÑȌ 
 ŸÒ# Total RNA ǰǡ-ǣÈ(@Ʊɳ³ DNA D˔ï@#:-
Recombinant DNase I (RNAase-free)˭TaKaRaˮDȒ(ª.óŢɌDʗʃ37	)
30ÓˎóŢ@*) DNaseÑȌDɽ,%# 
Total RNA  X µl (20-50 µg) 
10 × DNase I buffer  5 µl 
Recombinant DNase I (RNase-free)  2 µl (10 U) 
DEPC water  (43-X) µl 
Total  50 µl 
 óŢɓś0.5 M EDTA 2.5 µlDß( 80	) 2ÓˎIQxhDEPCǍ 
47.5 µl Dß#-LbmǑǈÑȌDɽ#:-100% Lbm 250 µl
* 3 M ˀ˂jhJɞɿǡ˭pH 5.2ˮ10 µlDß-20	) 20Óˎ˚ɢ#4	
15,000 rpm ) 10ÓˎʷŠǥDõ?˔#*B- 70% Lbm 200 µlDß
( 4	15,000 rpm) 1ÓˎʷŠ#Ȁ#ǑǈD DEPCǍ 20 µl-ǰʋ
# 
˭2ˮcDNA.úŮ 
 cDNAúŮ-/PrimeScriptTM II Reverse Transcriptase˭ TaKaRaˮDȒ(ª.óŢ
ɌDʗʃ# 
DNaseÑȌǧ8 RNA  X µl (1-5 µg) 
oligo dT18 primer  1 µl 
 14 
2.5 mM dNTP mix  4 µl 
DEPC water  (10-X) µl 
Total 15 µl 
 ʗʃ#óŢǡD 65	) 5ÓˎóŢ#śǎ)ŤÎ!.77ǎ) 10Ó
ˎ˚ɢ#-ª.óŢǰǡDß42	) 60ÓˎóŢ# 
5×PrimeScript II Buffer  4 µl 
PrimeScriptII RTase  1 µl 
Total  5 µl 
óŢɓś- 70	- 15Óˎ˚ɢǎ)˚ɢ# 
 
0-2-16) ĭˇ RT-PCR 
 PCRóŢ-/ Fast SYBR Green Master Mix˭Applied BiosystemsˮDµȒ#cDNA
˭<10 ng/µlˮ1 µlFast SYBR Green Master Mix 10 µl0.3 mM primerDǣúÉĳ 20 
µl -,@=-ǱɶǍDȒ(ʗƑ#1 Yvŕ#? 3 ʱ)ʗƑ(Ǭĭ#
Ǭĭ-/ Applied Biosystems StepOnePlusTM Real Time PCR SystemDµȒʋƫ-/
StepOneTM Software Version 2.3DȒ#Ɖ´/Ɖ´}kG-Ŝ%(ɽ:v
I}*. Tm ¿.Ùś)Ǉ˕ȝ-ǫŏDğä( PCR óŢDɽGk
Tǫŏò0¯ˌƜˎDǐĭ#PCR óŢ.˖-/ơś- Melting curve.Ǭĭ.
ʐĭDɽvI}ȅȚȝ-¯ˌóŢɽCA(@*DȬʔ#PCR óŢ









 ˭˯ˮVm DNA.ŸÒ 
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 YPDǡ³ĕđ 10 ml-ʸŕˇ.ÓȐĨDƸɶ30	120 rpm) 24~48Ɯˎž*
ĕ˦#ŝ>A#ɶ³D-80	- 3 Ɯˎªƌɢ@*)Ðɖǡ³ȺɐDȒ
(ÐɖȪȩ#Ȫȩ#ɶ³D 1.5 ml ʷŠdu-È%# TEɞɿǡ 400 µl-
ŭǵ!-ǰɶǰǡ 400 µlDß(ȷ<-ƈŹ#śİǫ- 15Óˎ˚ɢ#
15,000 rpm) 10ÓˎʷŠǥDƖ 2.0 mlʷŠdu-Ċô!-tK
mSz˭1 : 1ˮ0.8 mlDß(ȷ<-ƈŹ#İǫ) 15,000 rpm
10ÓˎʷŠ(ŁDƖ 2.0 mlʷŠdu-Ċô@Ɖ´D˰Ċɡ?ʫ#
ŝ>A#Ł-tKmSzIaG~GW˭25 : 24 : 1ˮ0.8 ml
Dß(ȷ<-ƈŹśİǫ) 15, 000 rpm5ÓˎʷŠŝ>A#ŁDLbm
ǑǈÑȌ@*)Vm DNA DǑǈ*(Ċô#Ȁ#Vm DNA D
TERɞɿǡ-ǰʋ37	- 30Óˎª˚ɢ@*) RNaseÑȌDɽ,%# 
˭2ˮ vuǡ.´ʃ 
 PCR-=?ȟȝ. DNAƔȂDěŊ(GP]V˙ǌǚâ-¶#śP]
r^DȒ( DNAƔȂDĊô#100 ngȡŕ. DNAǰǡDǱɶǍ) 20 µl-tH
GevAD 10 ÓˎǾǒ#śǎ)ŤÎ#ǎ- 10 Óˎ˚ɢ#ś
labelling reagent 20 µl Dß(ǣú>- glutaraldehyde solution 20 µlDß(ǣú
37	- 10Óˎ˚ɢ#;.Dvuǡ*(Ȓ# 
 vuǡ.´ʃ-/GE Healthcare AmershamTM ECLTM Direct Nucleic Acid Labelling 
SystemDȒ# 
˭3ˮYZueh 
 ŝ>A#Vm DNAǰǡD 200 µl.óŢɌ)ȟȝ.Ø˒ˁɐDȒ(ƝØ˒ˁɐ
ÑȌDɽ,%#LbmǑǈ-=?Vm DNADǑǈ*(õŝ(Ȁ#
śTEɞɿǡ 15 µl-ǰʋ#ŝ>A#Vm DNAǰǡD 50 V-(GP]
V˙ǌǚâ-¶ǚâIĬÉ-ǝA@7)ǚâ#Ld\Ju}I
i)Ʊɳśğťǰǡ˭0.5 M NaOH1.5 M NaClˮ-ǟ( 30Óˎȷ<-ž*
#Qsuehǖ-(Vm DNADɭ˭Biodyne® B Nylon Membrane 0.45 
µm/PALL Corporationˮ-ʥÍ@#:-ʥÍǰǡ- 0.4 M NaOH ǰǡDȒ(G
Oh]tFD 3Ɯˎªɽ%#ʥÍś.ɭD 20SSC˲3 M NaCl, 0.3 M 
Trisodium Citrate Dihydrate, pH 7.0˳Dň˄(ʗƑ# 5×SSC 25 ml -ǟ5Óˎž
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*@Ɖ´D 2ĊɽQbN-(ɭ.ǍÓDçÓ-˔#nIuoeT
-ɭ* ECL˲Gold hybridization buffer (GE Healthcare), 5%(w/v) Blocking agent (GE 
Healthcare), 0.5 M NaCl˳10 mlDÈA42	) 1Ɯˎž*@*)vnIu
cI`[Dɽ%#śvuǡDß( 42	) 16~20 Ɯˎž*@*
)nIucI`[Dɽ%#nIucI`[ś: 42	-ǫ:(
# ECL wash buffer˲6 M Urea, 0.4%(w/v) SDS, 0.5×SSC˳25 ml-ɭDǟ42	)
20Óˎž*@Ɖ´D 2Ċɽ%#śİǫ) 2×SSC 25 ml ) 5Óˎž*
@Ɖ´D 2 Ċɽ%#QbNDȒ(ɭ.ǍÓDçÓ-˔ƹÒʒɺ˭ECL 
Detection reagent 1,2 -ˮɭDǟ#śImageQuant LAS4000˭ GE w]U\pˮ
DȒ(oi.ƹÒDɽ%# 
















 ɋȆɶ. CCRØŞ-/ōĔØŞēʥÍċĨ CreAò0ɫrQdäˁɐ CreB
ˏ(?A7)-˫ɶ. creA * creB êȇò0¡˅Ȫĝƴ)/ CCR ʋ˔
A1%gvDþ9 YPĕđ)/α-G~`ȐȑťˆȐƴ=?;ěß@*
ʉķAȅ- creAò0 creB¡˅Ȫĝƴ/êȇȪĝƴ=?;˩α-G~`ǜťD















 oIN}]ÓʋˁɐDȐȑ@ɪÞ˩ɋȆɶ*( Trichoderma reeseiȥ>A
(@A7)- T. reesei-(CreA.NaT)@ Cre˯ò0 CreBN
aT. Cre2.ğȚƴ/ CCRʋ˔AoIN}]Óʋˁɐ.Ȑȑťý@
















ΔligD::loxP pyrG::niaD ΔligD::loxP; pyrG+; niaD+; sC- Ichinose et al. (2014)
ΔcreA ΔligD::loxP; ΔcreA::sC; pyrG+; niaD+ Ichinose et al. (2014)
ΔcreB ΔligD::loxP; ΔcreB::pyrG; sC-; niaD - Ichinose et al. (2014)
ΔcreAΔcreB ΔligD::loxP; ΔcreA::sC; ΔcreB::pyrG; niaD- Ichinose et al. (2014)
Table 1-2 Nucleotide sequences of primers
Primer name Nucleotide sequence (5'-3')
amyB qRT-PCR sen TACTATCCACTCCTCAACGC
amyB qRT-PCR anti TGAATGCTGCGACGTTCTTG
xlnR qRT-PCR sen TGCAGCGGACATATTAGAG
xlnR qRT-PCR anti ACGACACTGGGACTGACATC
xynG2 qRT-PCR sen ACGGCTACCTAGCTGTGTAC





 0.5% BactoTM yeast extract, 1% BactoTM peptone 








 (1) YPĕđDȒ#ǡ³ĕ˦ 
 200 ml ʊt]W- 50 ml.ùȵǺɐǭDþ9 YPǡ³ĕđD´ʃ-ùɶ
ƴ.ÓȐĨD 2106¼Ƹɶ30	120 rpm)ž*ĕ˦# 
(2) Ļ˪17DȒ#č³ĕ˦ 
 200 ml ʊt]W- 5 g.Ļ˪t]}DǮÁ!- 1106¼.ÓȐĨDþ9 2 






Jɞɿǡ˭pH 7.0ˮ50 ml-ÈA( 30	120 rpm) 1Ɯˎž*@*)ɒɩ
Table 1-2 Nucleotide sequences of primers
Primer name Nucleotide sequence (5'-3')
RT_F_bglC CCCCGGTCTGTACGAGGATC
RT_R_bglC CGGTCCAGTCCTGAGCCGAA
histoneH4 qRT-PCR sen  CAAGCGTATCTCTGCCATGA
histoneH4 qRT-PCR anti CACCGAAACCGTAGAGGGTA
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 Ļ˪t]}ĕđ)ĕ˦#ś10 mM ˀ˂ˀ˂jhJɞɿǡ˭pH 5.0ˮ50 ml
Dß(ȷ<-ƈŹİǫ) 30 Óˎ˚ɢ#~S])Bʴŝ>A#Ÿ
ÒǡDǜťǬĭ-µȒ#ǜťǬĭ-µȒ@Ù- 15,000 rpm4	) 5ÓˎʷŠ
@*)ŸÒǡ.ĕđ.ǆǪDõ?˔# 
 
 1-2-6) Ɉˁɐǡ.ʭƫ 
 Ɉˁɐǡ 5 ml Dʭƫdu˭_]du 20/32LgHGƴŐ¬ȯˮ






 (1) Ėʠǰǡ.ʗʃ 
 øǰťgv 0.5 gDɍ 30 ml .ɫęǍ-ßzeh]bDȒ(ĬÉ-
ǰʋ#!.śǰǡ.ǫŏİǫȳŏ-,@7)ƌɢ0.2 M ˀ˂ˀ˂jh
Jɞɿǡ˭pH 5.0ˮ10 mlDßɫęǍ) 50 ml-,@=-ʗƑ# 
 (2) 10×Jɐǰǡ.ʗʃ 
 ɫęǍ-Jɐ 0.159 gJäOJ 0.50 g35% ę˂ 71 ml DßJɐ
ĬÉ-ǰ@7)=ǣú#ɫęǍ) 500 ml-,@=-ʗƑʹÇ#ȆŬ
)ºĩ#µȒ@˖/1×Jɐǰǡ-,@=-ɫęǍDȒ(ň˄# 
 (3) ǜťǬĭƗǖ 
 Ⱦ 4ĊƋǄĎȴŌŲĭÓƫǖ-ŜǜťǬĭDɽ%#1% øǰťgvǰǡ 1 ml 
Dʒ˨ɂ-*?40	- 5Óˎ˚ɢ@*)ǿÑȌDɽ%#!-Ɉˁɐǡ 50 µl 
DßɕƜȝ˭ 0, 5, 10, 15Ó -ˮóŢǡD 10 µl*?:ʒ˨ɂ-ÈA(# 1 
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Jɐǰǡ 1 ml-ß(=ǣú#10 mm_DȒ( 670 nm)Ǌɳʭʴȉ
T%DǬĭ#Ǭĭ# T%>ơĻ¡ǖ-=?ʪ°ƞɝDʍɁT% 66.0*,
@Ɯ.Ɯˎ tDǏ:ª.ʍɁŐ-©È(ŝ>A#¿Dǜť¿*#ĸǽ*(
ǱɶǍ 1 ml-Ɉˁɐǡ 50 µlDß=ǣú#ś- 10 µl*?1Jɐǰǡ 1 ml 3
ß#;.DȒ# 
α-G~`ǜť˭U/mlˮ/ 




α-G~`ǜť˭U/g dry mycelia weightˮ= ˴ĕ˦ǥȖÓ˲1×(1/0.05)×(30/t)˳+ ɒ
ɩĜÿȤȖÓ˲1×(1/0.05)×(30/t)˳˵ / Ȁɶ³˅ˇ (g) 
※Ļ˪17ĕđDȒ#Ęú 
 α-G~`ǜť˭U/g wheat branˮ= 1×(1/0.05)×(30/t)×ŸÒȉ(100/10) 
 
1-2-8) Q[j`ò0_`ǜťǬĭ 
 (1) Ėʠǰǡ.ʗʃ 
 ˯% Q[˭ Xylan, From Beechwood, >90% xylose residuesSIGMA 7ˮ#/ 1% CMC
˭Carboxymethyl Cellulose Sodium SaltˮD 100 mM ˀ˂jhJɞɿǡ˭pH 5.0ˮ-
ǰʋ#1% CMC/zeh]bDȒ(ĬÉ-ǰʋ# 
 (2) ǜťǬĭƗǖ 
 ˁɐóŢ)Ȑ#ʼÅɊD DNSǖ-=?ĭˇ@*)ǜťDǬĭ#1.5 mlʷ
Šdu-Ėʠǰǡ 100 µl D*?50	) 5 ÓˎǿÑȌDɽ%#-ʭƫǧ
8.Ɉˁɐǡ 150 µl Dß50	)óŢ#óŢƜˎ/Q[j`ǜťǬĭ
)/ 10 Óˎ_`ǜťǬĭ)/ 20 Óˎ*#DNS ʒɺ˲0.5% (w/v) 





ˇɝ.´Ů-/Q[]ñ/TW]ǰǡDȒ#1 Óˎ- 1 µmol .Q[
]ñ/TW]-ȡŕ@ʼÅɊDȐŮ@ˁɐˇD 1 U*(ǜť¿˭ U/ml Dˮ
Ǐ:ŝ>A#ǜť¿DȀɶ³˅ˇ)Ý@*)ɶ³ˇŕ#?.ǜť˭ U/g dry mycelia 
weightˮDɁÒ#Ļ˪17ĕđDȒ#Ęú/˲˭U/mlˮ× 10˭ŸÒȉˮ˳ Dǜť




 1 mM p-nitrophenyl-β-D-glucopyranosideDþ9 20 mMSL˂ɞɿǡ˭pH 5.0ˮDĖ
ʠǰǡ*(Ȓ# 
 (2) ǜťǬĭƗǖ 
 Ėʠǰǡ 400 µlDʒ˨ɂ-*?50	) 5ÓˎǿÑȌDɽ%#!-ʭƫǧ8
.Ɉˁɐǡ 10 µlDß50	) 20ÓˎóŢ#1 M Ǻ˂jhJǰǡ 800 µl
Dß@*)óŢDÀǃ@*üƜ-ˁ ɐóŢ-=?ʳ˘# p-nitrophenolDț
ɳ400 nm-@ÿÇŏDǬĭ#ĸǽ-/1 M Ǻ˂jhJǰǡDß
@ȠÙ-Ėʠǰǡ-ɈˁɐǡDß#;.DȒ#ƹˇɝ.´Ů-/p-nitrophenol
ǰǡDȒ#1Óˎ- 1 µmol. p-nitrophenolDʳ˘@ˁɐˇD 1 U*(ǜť¿
˭U/ml DˮǏ:ŝ>A#ǜť¿DȀɶ³˅ˇ)Ý@*)ɶ³ˇŕ#?.ǜť˭ U/g 
dry mycelia weightˮDɁÒ#Ļ˪17ĕđDȒ#Ęú/˲˭U/mlˮ× 10˭ŸÒ
ȉˮ˳ Dǜť˭U/g wheat branˮ*# 
 
1-2-10) Sodium dodecyl sulfate-|GSG~iV˙ǌǚâ˭SDS-PAGEˮ 
˭1ˮYv.ʗƑ 
 bpSʠǰǡ- 100% trichloroacetic acid˭TCAˮDɓǶŏ 10%*,@=-ß
ǎ) 15Óˎ˚ɢ#4	15,000 rpm) 10ÓˎʷŠbpSʠDǑǈ#
ǥD˔#Ų- 80%(v/v) acetone 500 µlDß4	15,000 rpm5ÓˎʷŠ@Ɖ
´Dʍ 2Ċɽ,%#ǑǈDȀ#ś1×SDS-Sample Buffer˲ 62.5 mM Tris-HCl (pH 





 SDS-PAGE/ Laemmli.Ɨǖ˭Laemmli, 1970ˮ-Ŝ%(ɽ,%#10% GSG
~iÓ˘Vò0 5% GSG~iǶɟVD 1ƭ#?ª.ɔŮ)´ʃ# 
 10% GSG~iÓ˘V       
 30%(w/v) acrylamide gel stock solution*  1.34 ml               
 1.5 M Tris-HCl˭pH 8.8ˮ1 ml 
 10%(w/v) SDS  40 µl 
 10%(w/v) Ammonium Peroxodisulfate (APS)  40 µl 
 tetramethylethylenediamine (TEMED)  2 µl 
 Milli-QǍ 1.58 ml 
  Total  4.0 ml 
  
 5% GSG~iÓ˘V       
 30%(w/v) acrylamide gel stock solution*  250 µl               
 0.5 M Tris-HCl˭pH 6.8ˮ375 µl 
 10%(w/v) SDS  15 µl 
 10%(w/v) APS  20 µl 
 tetramethylethylenediamine (TEMED)  1.5 µl 
 Milli-QǍ 840 µl  
  Total  1.5 ml 
*30%(w/v) acrylamide gel stock solution; 30%(w/v) acrylamide, 0.96%(w/v) 
N,N’-methylenebisacrylamide 
 SDS-PAGEǚâɞɿǡ˲25 mM Tris, 192 mM Glycine, 0.1%(w/v) SDS˳DȒ(V
1 ƭ#? 20 mA )ǚâDɽ,%#ÓĨˇ}O-/Precision Plus ProteinTM 
Unstained Standards˭BIO-RADˮDȒ# 
˭3ˮCBBƱɳ 
  ǚâś.VD CBB Ʊɳǡ˲50%(v/v) methanol, 10%(v/v) acetic acid, 2.5 mg/ml 
Coomassie Brilliant Blue (CBB) )˳ 1Ɯˎȳŏȷ<-ž*@*)VDƱɳ#
 24 





 ˫ɶ-( creAò0 creBDȪĝ@* CCRʋ˔A1%gvDǺɐǭ*






ƴ) 50 kDa¨ʪ-α-G~`.oiǶʉķA#˭Fig. 1-1 A ˮ 
 ǂ-1%}h]ñ/ 5%}h]ĕđ) 48 Ɯˎĕ˦#ƨ«-@α-G~
`ȐȑťDʋƫ#ɖƮˆȐƴ)/ 5ˬ}h]ĕđ-@α-G~`ǜ
ť 1%}h]ĕđ.èÓª7)Ǩļ#˭Fig. 1-1 B ˮƗΔcreAΔcreBò
0ΔcreAΔcreB /ǺɐǭǶŏ-=@α-G~`ǜť.ğä/,ˆȐƴ=?;˩
ǜťDȭȅ-ΔcreAΔcreB/ˡɷ-˩α-G~`ǜťDȭ# 
 >-5%}h]ĕđ) 48 Ɯˎñ/ 72 Ɯˎĕ˦#ƨ«-@α-G~
`ȐȑťDʋƫ#!.ɖƮ48Ɯˎ*Ǌʦ( 72Ɯˎĕ˦)/α-G~`ǜť
É(.ƴ)Ǩļ#;..ĕ˦Ɯˎ-·>ˆȐƴ=?;˩α-G~`ǜťD
ȭ#˭Fig. 1-1 C ˮ!)α -G~`ʻ­Ĩ amyB.țȊˇDĭˇ PCR-=?ʋ
ƫ#ɖƮΔcreAò0ΔcreAΔcreB)/ˆȐƴ=?; amyB.țȊˇˡɷ-ěß(







 į˨ 1-3-1 .ˮɖƮ>5%}h]DǺɐǭ*# YPǡ³ĕđ-(ΔcreA
ΔcreB ò0ΔcreA ΔcreB /ˆȐƴ=?;˩α-G~`ȐȑťDȭ*ƚ>-
,%#!)}h]ªĠ.Ǻɐǭ-(;üƾ-α-G~`D˩Ȑȑ)
@ʋƫ#7Ǻɐǭ*( 5%TW]Dþ9 YP ǡ³ĕđ-(α-G~
`ǜťDǬĭ#ɖƮˆ Ȑƴò0ΔcreB)/5*E+ǜťƹÒ),.-ĸ
ΔcreAò0ΔcreA ΔcreB)/˩ǜťDȭ#˭Fig. 1-2 A ˮ>-5%gv
DǺɐǭ*#ƨ«-(/ˆ Ȑƴ*Ǌʦ(É(.Ȫĝƴ)ǜť.ěßʔ:>
Aȅ-ΔcreA ΔcreB )/ 72 Ɯˎ.Ɯǻ)ˆȐƴ*Ǌʦ(ɍ 7 ½˩ǜťDȭ#
















A,%#˭Fig. 1-3 A ˮ 
 
1-3-4) Q[]ʞäˏʱʻ­Ĩ.ʥÍØŞċĨ XlnR.țȊʋƫ 
 Q[]ʞä-ˏ@ʻ­Ĩ.țȊ/ʥÍċĨ XlnR-=%(ØŞA@
˫ɶ-( XlnR / CreA -=@ØŞDö@/ƚ>-,%(,!
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)1%Q[]ò0 5%Q[]Dþ9 YPǡ³ĕđ-@ùȪĝƴ-@
xlnR.țȊˇDĭˇ PCR-=?ʋƫ#ɖƮˆ Ȑƴò0ΔcreB)/ 1%Q[]ĕ
đ*Ǌʦ( 5%Q[]ĕđ-( xlnR.țȊˇɷ²#ƗΔcreA
ò0ΔcreAΔcreB )/ǺɐǭǶŏ-=@țȊˇ.ğä/,xlnR .țȊˇ/ˆȐƴ=




@!)7creA ò0 creB ʻ­ĨȪĝƴ/oIN}]ÓʋˁɐȐȑĕđ-(
+.=,bpSʠÓǕȐȑA@ʋƫ@#:-5%Q[]Dþ9 YP
ǡ³ĕđ) 48 Ɯˎĕ˦(ŝ>A#ĕ˦ǥD SDS-PAGE ʋƫ-¶#!.ɖƮ
ΔcreAò0ΔcreAΔcreB-( 20 kDa¨ʪ-Q[j`*ţCA@oiǶʉ
ķA#˭ Fig. 1-4 A ˮ!)į˖-ĕ˦ǥ.Q[j`ǜťDǬĭ#ɖƮ
ˆȐƴ*Ǌʦ(ΔcreB )/Â-ǜťƙ#.-ĸ(ΔcreA ò0ΔcreAΔcreB
)/ˆȐƴò0ΔcreB=?;˛ŉ-˩ǜťDȭȅ-ΔcreAΔcreB)/ˆȐƴ*Ǌʦ
( 100½ª;˩ǜťDȭ#˭Fig. 1-4 B ˮ>-˫ɶ/ġƐ.Q[j`
ʻ­ĨDƢ(?!.)țȊˇ˛ŉ-˩Q[j`ʻ­Ĩ xynG2.țȊˇ
Dĭˇ PCR -=?ʋƫ#!.ɖƮΔcreA ò0ΔcreAΔcreB )/ˆȐƴ=?;ˡɷ
-˩țȊˇDȭ#ƗΔcreB/ˆȐƴ*Ǌʦ(Â-țȊˇěß(#
˭Fig. 1-4 C ˮ 
 
1-3-6) β-TW[c`ò0_`Ȑȑť 
 creA ò0 creB ʻ­ĨȪĝ/Q[j`-ß(§.oIN}]Óʋˁɐ.˩Ȑȑ
ä-;áƮ@ʋƫ@#:-β-TW[c`ò0_`.ȐȑťDʋƫ
#7 5%Q[]Dþ9 YP ǡ³ĕđ-@β-TW[c`.ǜťDǬĭ
#ɖƮÉ(.Ȫĝƴ)ˆȐƴ=?;ǜťěß(?ȅ-ΔcreAΔcreB )/ˡ





ΔcreAΔcreB=? bglC.țȊˇ/²%#˭Fig. 1-5 B ˮǂ-_`ȐȑťDüƾ
-(Ǭĭ#ɖƮÉ(.Ȫĝƴ)ǜť.ƙ/ʔ:>Aˆ Ȑƴ*56üȿ.ǜ






,*ėĀA(@˭Viniegra-González and Favela-Torres, 2006ˮ!)ǡ³




`ò0β-TW[c`ǜťˆȐƴ=?;ěß#˭Fig. 1-6 B, D ˮƗQ[
j`ò0_`ǜť/É(.Ȫĝƴ)ˆȐƴ*56üȿ.ǜťDȭ#˭Fig. 
1-6 A, C ˮ 
 
1-4) ɦķ 




 7˩Ƕŏ.Ǻɐǭƨ«-(; CCR ʋ˔Aα-G~`˩Ȑȑ)
@ʋƫ#5%}h]ĕđ)/ 1%}h]ĕđ*Ǌʦ(}h].
ÓʋȑȄ)@TW].ɹȶˇġ#:ˆ Ȑƴ)/ CCRDö( 1%}h




(; creA ò0 creB ʻ­ĨȪĝ-=? CCR /ʋ˔Aα-G~`.˩Ȑȑø
ɪ)@*ƚ>-,%#˭Fig. 1-1 C ˮ 


















ɖƮ˛ ŉ-ɰāǢ*-ˆȐƴò0ΔcreB)/ 1%Q[]ĕđ*Ǌʦ( 5%Q
[]ĕđ-(Ȑɨ.ŧäò0ʥÍċĨ XlnR.țȊˇ.ɷ²ʉķA
#ƗΔcreA ò0ΔcreAΔcreB )/ǺɐǭǶŏ-=@Ȑɨò0 xlnR .țȊˇ3.ŗ˝
/ʉķA>-ˆȐƴ=?;˩ xlnR țȊˇDȭ#*>˩Ƕŏ.Q[
]ĕđ-( CreA / XlnR .țȊDŴØ@*ȭąA#˫ɶ-(
XlnR/ 75ʻ­ĨDǄ-ØŞ@*ėĀA(?!.-/Q[]©ʙ-
ˏ@ʻ­Ĩ-ß(A. nidulans .Q[]h]|bʻ­Ĩ xtrD .N
aTʻ­Ĩ˭AO090001000069ˮ;þ7A(#˭Noguchi et al., 2009 ˮ!.#:
5%Q[]ĕđ-(ˆȐƴò0ΔcreB / CreA -=%( XlnR .țȊŴØA
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#*)Q[]ʞäŴØAȐɨŧä#*ȭąA# 




`Ɍˁɐʻ­Ĩ.ʥÍċĨ AmyR.ƵȲɽDʕĺ@˭ Suzuki et al., 2015 ˮ
TW]ĩĐƨ«)/ CreA G~`ʻ­Ĩ.vb˞Ĕ-ĩĐ@
CreA ɖúʾÕ-ɖú@#:AmyR /Ƶ3Ȳɽ(;G~`ʻ­Ĩ.v
b˞Ĕ3.ɖúD CreA -=%(ːĲAG~`ʻ­Ĩ.țȊ/ CreA -=@
ŴØDö#ȆŬ-,@˭Ruijter and Visser J, 1997 ˮƗcreADȪĝ@* AmyR
G~`ʻ­Ĩ.vb˞Ĕ3ɖú)@=-,?TW]);G~
`ȐȑʕĺA@˭Fig.1-2 A ˮ.TW]-=@ CCR.ʕĺ/Q[






ΔcreB=?;ˡɷ-˩¿Dȭ*C%#˭ Fig. 1-4 B; Fig. 1-5 A ˮ.*>
creA ò0 creB .¡˅Ȫĝ/˫ɶȐȑ@ġƾ,ˁɐ.Ȑȑť.ý-áƮ@
*ƚ>*,%#_`/É(.Ȫĝƴ-(Ȑȑť.ýʔ:
>A,%#*>_`/ CreAò0 CreB-=@ CCRØŞDö,*
ȭąA#˭Fig. 1-5 C ˮ  A7)-˫ɶò0 A. nidulans -(PkaA 
(cAMP-dependent Protein kinase ) /_`. CCRØŞ-ˏpkaAȪĝƴ)/
_`Ȑȑťý@*ėĀA(@˭Ļń>2015 ˮT. reesei -
(;Pkac1 (cAMP-dependent protein kinase A catalytic subunit 1) ò0 Acy1 (adenylate 
cyclase) _`ʻ­Ĩ.țȊØŞ-ˏ(@*>_`.Ȑȑ/
CreA ò0 CreB ˛·ĩȝ, CCR ØŞDö@*ȭąA(@˭De Assis et al., 
2015; Schuster et al., 2012 
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 č³ĕ˦)/CCRD5*E+ö,*ėĀA(?˭ Viniegra-González and 
Favela-Torres, 2006ƦȨȸ);Q[j`ò0_`Ȑȑť/ creA ò0 creB
Ȫĝ.ŗ˝DöÉ(.Ȫĝƴ)ˆȐƴ*56üȿ.ȐȑťDȭ#˭Fig. 1-6 ˮ
α-G~`ò0β-TW[c`/ΔcreAò0ΔcreAΔcreB-(Ȑȑť
ý#*>č³ĕ˦-(/ˁɐ-=%( CreA ò0 CreB .ØŞDö
@;.*ö,;.@*ȭąA#˫ɶ.TWG~`ʻ­Ĩ glaB
<d[j`ʻ­Ĩ melB/č³ĕ˦ȅȚȝ-țȊ@*ȥ>A(?˭ Hata et 









(A)                         (B)                                                             
(C)                         (D)  




Fig. 1-1 α-Amylase production level.  
 Each strain was grown in liquid YP medium containing 5% maltose for 48 h (A), 1% or 5% 
maltose for 48h (B), or 5% maltose (C, D). The culture broth and cell wall-absorbed fraction 
were mixed and subjected to SDS-PAGE analysis (A). α-Amylase activities were measured and 
total activity was divided by dry mycelia weight (B, C). Expression levels of amyB gene were 
measured by quantitative RT-PCR (D). The values represent the means of triplicate experiments 
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Fig. 1-2 α-Amylase production level. 
 Each strain was grown in liquid YP medium containing 5% glucose (A) or 5% starch (B), and 
the α-amylase activities were measured, and total activity was divided by dry mycelia weight. 
The values represent the means of triplicate experiments with standard deviation indicated by 
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Fig. 1-3 Growth and xlnR expression level  
 Each strain was grown in liquid YP medium containing 1% or 5% xylose for 48 h and dry 
mycelia weight was measured (A). Expression levels of xlnR gene were measured by 
quantitative RT-PCR (B). The values represent the means of triplicate experiments with 





























































































Fig. 1-4 Xylanase production level. 
 Each strain was grown in liquid YP medium containing 5% xylose for 48 h. Culture broth and 
cell wall-absorbed fraction were mixed and subjected to SDS-PAGE analysis (A). Xylanase 
activity was measured and total activity was divided by dry mycelia weight (B). Expression 
levels of xynG2 gene were measured by quantitative RT-PCR (C). The values represent the 
means of triplicate experiments with standard deviation indicated by error bars. (**p<0.01; 
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  (A)        (B)  
 
              
              (C)  
Fig. 1-5 β-glucosidase and cellulase production levels. 
 Each strain was grown in liquid YP medium containing 5% xylose for 48 h. β-glucosidase (A) 
and cellulase (C) activities were measured, and total activity was divided by dry mycelia weight. 
Expression levels of bglC gene were measured by quantitative RT-PCR (B). The values 
represent the means of triplicate experiments with standard deviation indicated by error bars. 
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Fig. 1-6 Various enzymes production level in solid-state culture. 
Each strain was grown in solid-state culture with wheat bran as substrate for 48 h, and xylanase 
(A), β-glucosidase (B), cellulase (C), and α-amylase (D) activities were measured. The values 
represent the means of triplicate experiments with standard deviation indicated by error bars. 
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,%(@˭Fukuda et al., 2009; Dichtl et al., 2015 ˮ>-α-1,3-TOúŮˁɐʻ
­Ĩ)@ agsB Ȫĝƴ)/Ķģĕđ-@Ȑɨ3.ŗ˝/ʉķA,;..
ǡ³ĕ˦Ɯ-/ΔcreA*üƾ-pvȆ.ɶɋŖŬDȭpvȆ-ɶɋŖŬğä
@*)ɶ³ˇˆȐƴ=?;ěß@*ėĀA(@˭Zhang et al., 2017; 
























ΔligD::loxP pyrG- ΔligD::loxP; sC-; niaD-; pyrG- Mizutani et al. (2012)
ΔligD::loxP pyrG::niaD ΔligD::loxP; pyrG+; niaD+; sC- Ichinose et al. (2014)
ΔcreA ΔligD::loxP; ΔcreA::sC; pyrG+; niaD+ Ichinose et al. (2014)
ΔcreB ΔligD::loxP; ΔcreB::pyrG; sC-; niaD - Ichinose et al. (2014)
ΔcreA pyrG- ΔligD::loxP; ΔcreA::sC; niaD-; pyrG- Ichinose et al. (2014)
ΔamyD ΔligD::loxP; ΔamyD::pyrG;  sC-; niaD- This study
ΔcreAΔamyD ΔligD::loxP; ΔcreA::sC; ΔamyD::pyrG; niaD- This study
PenoA-amyD (amyD o/e) ΔligD::loxP; PenoA-amyD; pyrG+; niaD+; sC- This study
Table 2-2 Nucleotide sequences of primers  
Primer name Nucleotide sequence (5'-3')
amyD up sen TACACCAAGCAGACTTAGGG
amyD up anti AnpyrG GAGCCCAAGGCGCTGCAGCAGG AGTAATTTCCGGTGGATCC
amyD down sen AnpyrG GCGGGGATGGAGATCTCGACCTGATCGCGAAACTAAATACC
amyD down anti TATTGCCCCAAGCAGACTAC
AnpyrGsen GGTCGAGATCTCCATCCCCGCAAACTAC
AnpyrGantiPstI CCTGCTGCAGCGCCTTGGGCTCATATAAC
amyD sen not TCGAGCGGCCGCAATTACTCCCGCGACCATGG







amyD qRT-PCR sen ACAAGCTCGATCCGAACTAC





 0.5% BactoTM yeast extract, 1% BactoTM peptone, 1% maltose 
  ĶģĕđD´ʃ@˖/ùĕđ- 1.5% ĶģDß# 
 
2-2-4) ǡ³ĕđ-@ɶɋŖŬ.ʉķ 
 200 mlʊt]W- 50 ml. YPMǡ³ĕđD´ʃùɶƴ.ÓȐĨD 2×106¼
Ƹɶ30	120 rpm) 24Ɯˎž*ĕ˦# 
 
2-2-5) ɺÚūöťʒ˨ 
 200 µg/ml Congo Red 7#/ 30 µg/ml Calcofluor white Dþ9 YPMĶģĕđ-ùɶ
ƴ.ÓȐĨD 104~10¼Ƹɶ30	) 2Ƙˎĕ˦# 
 
Table 2-2 Nucleotide sequences of primers  
Primer name Nucleotide sequence (5'-3')
amyG090003001497 qRT-PCR sen GGTGCTCCTCCGTAAAGATG
amyG090003001497 qRT-PCR anti TGTTCCCCGTAAGCATACAG
chsA qRT-PCR sen TTCGCCCATTGTCAATAC
chsA qRT-PCR anti TGCACAATGGAGAAGTAGAG
chsB qRT-PCR sen TTTCCGTACCCGTCTTGTG
chsB qRT-PCR anti AGGAGAGCCTGGAAGAAACG
chsC qRT-PCR sen TGATCCCTGGCATATGTTC
chsC qRT-PCR anti TTGGTACCCCATGTGATATC
chsD qRT-PCR sen TAAGGATCCCGAGGTCATG
chsD qRT-PCR anti ACAGGTCACACCACCAAAG
csmA 090026000323 qRT-PCR sen ACCTGTATCCAACCTGTTTCG
csmA 090026000323 aRT-PCR anti TGAGGGCCTGAAGACCATAG
csmB qRT-PCR sen ACGCTCTTGCCAATAATCTG
csmB qRT-PCR anti ACCGAGGAATACTGGGAATG
fksA qRT-PCR sen ACGCTATTGCCGTTATCATC
fksA qRT-PCR anti TAGACGAAACGCTGGATTG
gelA qRT-PCR sen ACGATGGCAAGGTTAAGAC
gelA qRT-PCR anti ACCACCGGTCTTGTTGTAG
gelB qRT-PCR sen ACAACCTGCAGAAGCAGTAC
gelB qRT-PCR anti AAGGTACCGTTCTTGATCAG
gfaA 090003000003 qRT-PCR sen TGATTCTTACGAGGGACAAC






ȩ#Ȫȩ#ɶ³ 0.5 g D 0.1 M ˂jhJɞɿǡ˭pH 7.0ˮ40 ml -ŭ
ǵ121	) 1ƜˎNhSu-@*)ǿǍŸÒDɽ%#8,000 g4	
) 15ÓˎʷŠǥDǿǍøǰȖÓ˭Hot water-soluble fraction; HWˮ*(Ċô
Ǒǈ/Ì0 0.1 M ˂jhJɞɿǡ˭pH 7.0ˮ40 ml -ŭǵüƾ-
(ǿǍŸÒƉ´Dɽ%#ʷ Š(ŝ>A#ǿǍøǰȖÓ/ĊôǑǈ/ 2 N NaOH 
50 ml -ŭǵ( 4	) 24ƜˎƊŹ@*)GOŸÒƉ´Dɽ%#8,000 g
4	) 15ÓˎʷŠǥDGOøǰťȖÓ˭Alkali-soluble fraction; AS ˮǑǈ
DGOǰťȖÓ˭Alkali-insoluble fraction; AIˮ*(ĊôASȖÓ*ɫęǍ
-ŭǵ# AIȖÓ/ˀ˂DȒ( pH 7Ùś-Ă#É(.ȖÓDɫęǍ-ĸ






 ÐɖȀ#ùȖÓ 10 mg D 25 N H2SO4 200 µl-ĬÉ-ǰʋ4	- 16Ɯ
ˎª˚ɢ#ɓǶŏ 0.5 M H2SO4*,@=-ɸȘǍ 4.8 mlDß(ǣú#ś
100	- 12 Ɯˎª˚ɢ(ßǍÓʋ#Ǻ˂oJDȒ(Ă#ś
6,000 g4	) 10ÓˎʷŠ(ǥDĊô#ŝ>A#ǥ-þ7A@ǺǍäȄ





Column Sugar KS-805, 8×300 mm ˮPiO SUGAR KS-GȭņľŵƹÒĉ FLC-10
˭[}feS ˮʋƫath HY-PCRDȒǰ˘ǡD 1M NaOH*(Oǫ
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2-3-1)  creAȪĝ-=@ǡ³ĕ˦Ɯ.Ȑɨ3.ŗ˝ 
 ɋȆɶ-( creA ğȚƴ/ˆȐƴ*Ǌʦ(Ȑɨŧä@*ȥ>A(?
˫ɶ. creA Ȫĝƴ-(;üƾ-Ķģĕđ)Ȑɨŧä@*ʉķA#
˭Fig. 2-1 A ˮA7)-ǡ³ĕ˦Ɯ- creAğȚ-=?Ȑɨ3+.=,ŗ˝
Dò6./Éȥ>A(,!)ˆȐƴò0ΔcreAcreAȡʂƴΔcreB
D YPMǡ³ĕđ) 24Ɯˎò0 48Ɯˎĕ˦ŝ>A#ɶ³.Ȁɶ³˅ˇDǬĭ
@*)ȐɨDǊʦ#!.ɖƮ24 Ɯˎ.Ɯǻ)/É(.ƴˎ)ɶ³ˇ-ņ/ʔ
:>A,%#.-ĸ48Ɯˎ.Ɯǻ)/ΔcreA/ˆȐƴcreAȡʂƴ˭ ΔcreA +creAˮ
ò0ΔcreB =?;ɶ³ˇěß(?ˆȐƴ*Ǌʦ(ɍ 1.3 ½.ɶ³˅ˇDȭ





ß@*ėĀA(?˭Miyazawa et al., 2016 ˮΔcreA-(;ǡ³ĕ˦Ɯ-
ɶɋŖŬğä(@øɪťɦ>A#!)ΔcreA D YPM ǡ³ĕđ)ĕ˦
#Ɯ.ɶɋŖŬDʉķ#ɖƮˆȐƴΔcreB ò0 creA ȡʂƴ)/ɶɋɗ7?
úyehȆ.ɶɋŖŬDȭ.-ĸΔcreA)/ɶɋǡ³ĕđ-ÓƎ#
*)pvȆ.ɶɋŖŬDȭ#˭Fig. 2-2 ˮ 
 
2-3-3) ɺÚūöťʒ˨ 
 ˫ɶ.ɒɩĜƽŮġɊ)@α-TO.ȐúŮʻ­Ĩ agsB Ȫĝƴ/ΔcreA *ü
ƾ-ǡ³ĕ˦Ɯ-pvȆ.ɶɋŖŬDȭ*ėĀA(@˭ Zhang et al., 2017 ˮ
.*>ΔcreA-(;ɒɩĜƽŮġɊ-ğäȐ(@øɪťɦ>A
#!)agsBȪĝƴ/ɒɩĜ]h]Dʕț@ɺÚ)@ calcofluor white ò0
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Congo Red-ūöťDȭ*>ΔcreA-(;A>.ɺÚ-ĸ(ūöťD
ȭʋƫ#30 µg/ml cacofluor white7#/ 200 µg/ml Congo RedDþ9 YPMĶģ
ĕđDȒ(ùɺÚ3.ūöťDʉķ#ɖƮΔcreA /ˆȐƴò0 creA ȡʂƴ*ü
ƾ-ɺÚ3ūöťDȭ,%#˭Fig. 2-3 ˮ 
 
2-3-4) ɒɩĜƽŮġɊ.ŮÓʋƫ 
 į˨ 2-3-3ˮ.ɖƮ>ΔcreA .ɶɋŖŬ.ğä/ɒɩĜ.α-TOˇ.Ǩļ
-=@;.)/,øɪťɦ>A#!)į˖- creA Ȫĝ-=%(ɒɩĜƽ
ŮġɊ-ğäȐ(@ʋƫ@#:-ΔcreA.ɒɩĜġɊ.ŮÓʋƫDɽ,%
#į˨Ɨǖ 2-2-6)-Ŝ%(ɒɩĜD 4&.ȖÓ˭ HWAS1AS2ò0 AI -ˮÓȖ
ùȖÓ.˅ˇDǬĭ#ɖƮHWò0 AS1.˅ˇ/ˆȐƴ*ΔcreAˎ)5*E+ņ
ʔ:>A,%#;..α-TODþ9 AS2ȖÓ.ˇΔcreA)/ˆȐƴ=?;Ǩ
ļ(#ƗQdò0β-TODþ9 AI ȖÓ.ˇ/ΔcreA .ƗˆȐƴ=




@α-TOȔƩ.TW]ˇ/ΔcreA )/ˆȐƴ*Ǌ4(ɍ 2 ½ěß(#





ėĀA(@˭Zhang et al,. 2017 ˮį˨ 2-3-4ˮ.ɖƮ>ΔcreA)/ɒɩĜ.
α-TOˇěß(@*ȭąA##:ΔcreA )/α-1,3-TOúŮˁ
ɐʻ­Ĩ.țȊˇğä(@øɪťɦ>A#!)ĭˇ PCR-=?ΔcreA
-@α-1,3-TOúŮˁɐʻ­Ĩ.țȊˇDʋƫ#ɖƮagsA ò0 agsC .ț
Ȋˇ/ˆȐƴ*ΔcreA ˎ)5*E+ņʔ:>A,%#.-ĸagsB .țȊˇ/









@#:-ΔcreA-(QdúŮˁɐʻ­Ĩ˭ chsA, chsB, chsC chsD, csmAò0 csmB ˮ
β-TOúŮˁɐʻ­Ĩ(fksA)β-1,3-glucanosyl transferase ʻ­Ĩ˭gelA, gelB ˮ
glutamine-fructose-6-phosphate amidotransferase ʻ­Ĩ˭gfaAˮ.țȊˇDĭˇ PCR-=
?ʋƫ#!.ɖƮΔcreA-( chsBò0 gelB.țȊˇˆȐƴ=?;²
(#;..§.ʻ­Ĩ/ˆȐƴ*56üȿ.țȊˇDȭ#˭Fig. 2-7 ˮ 
 
2-3-7) α-TO.úŮò0Óʋ-ˏ@ʻ­ĨS]b.țȊʋƫ 
 Aspergillus wentii.ɒɩĜ.α-TO/ɍ 100¼.α-1,3ɖú.TW]*!
A-ɖú#Ɛ¼.α-1,4ɖú.TW]ˋD 1keh*#;.ɍ 25ke
hȠˋȆ-ʱɖA#;.)ƽŮA(?AgsB/α-TOË.α-1,3ɖú.T
W]ˋ.úŮ-ˏ@*ȥ>A(@˭Choma et al., 2013 ˮʪŋ)/AgsB
*S]bDŖŮ@ 2&. α-G~`ƾˁɐ AmyDò0 AmyG;α-TO.
ØŞ-ˏ(@*ƚ>*,?AmyG /α-1,4 ɖú.TW]ˋ.úŮ-
ˏ@.-ĸAmyD / Aspergillus niger -@ AmyD NaT. AgtA 
α-1,4-glucanotransferaseǜťDƢ(@*>α-TO.α-1,4ɖú.ÔƔ-
ˏ@*ũA(@˭He et al., 2014; van der Kaaij et al., 2007 ˮ˫ɶ-(;
A. nidulans< A. niger*üƾ-S]bºĩA(#*>AmyD* AmyG
/˫ɶ.α-TO.Óʋò0úŮ-ˏ(@øɪťɦ>A#!)
AmyD ò0 AmyG ΔcreA .ɶɋŖŬ.ğä-ˏ@ƚ>-@#:-ΔcreA
-@ amyD ò0 amyG .țȊˇDĭˇ PCR -=?ʋƫ#ɖƮΔcreA -@
amyG .țȊˇ/ˆȐƴ*56üȿ.¿Dȭ.-ĸamyD .țȊˇ/ˆȐƴ=?




 į˨ 2-3-7).ɖƮ>ΔcreA )/ amyD ˩țȊ#*)ɶɋŖŬğä#ø
ɪťɦ>A#!)AmyD.ɶɋŖŬ.ØŞ3.ˏDʋƫ@#:-amyD
Ȫĝƴ˭ ΔamyD ˮcreA/amyD¡˅Ȫĝƴ˭ ΔcreAΔamyD òˮ0 amyD˩țȊƴ˭ amyD o/eˮ
D´ʃ#ùƴ/į˨Ɨǖ 0-2-12ˮò0 0-2-13)-Ŝ%(´ʃVm PCRò0Y
Zuehʋƫ-=?ȟȝ.Ŗʠʥƅƴõŝ)#*DȬʔ#˭Fig. 2-9 ˮ 
 
2-3-9) amyDʻ­ĨȪĝƴò0˩țȊƴ.ǡ³ĕ˦Ɯ.ɶɋŖŬ.ʉķ 








#:-į˨ 2-3-3ˮ*üƾ-( calcofluor whiteò0 Congo Red-ĸ@ɺÚūöť
Dʉķ#!.ɖƮΔamyDò0ΔcreAΔamyD/ɺÚ3.ūöť/ʉķA,%#
;..amyD o/e/ calcofluor whiteò0 Congo Red-ĸ(˩ūöťDȭɺÚ
Dþ7,ĕđ*Ǌʦ(Ȑɨɷŧä#˭Fig. 2-11 ˮ 
 
2-3-11) amyDȪĝƴò0˩țȊƴ-@ɒɩĜƽŮġɊ.ŮÓʋƫ 




ΔcreAΔamyDò0 amyD o/e-( AS2ò0 AIȖÓ.˅ˇˆȐƴ*Ǌʦ(ěß7





ΔcreA*56üȿ.¿Dȭ#˭Fig. 2-12 B ˮ 
 
2-3-12)  α-TO.ÓĨˇǬĭ 




Retention time >ʍɁ#ɖƮΔamyD ò0ΔcreAΔamyD /ˆȐƴ*56üȿ.ÓĨ
ˇDȭ.-ĸΔcreAò0 amyD o/e.α-TO/ˆȐƴ=?;Ļ,ÓĨˇDȭ







˭Fig. 2-1 A ˮĶģĕđ*/Ț,?ǡ³ĕđ)/ΔcreA.Ȑɨŧä/ʉķA
9BˆȐƴ=?;Ȑɨɲ,@*ʔ:>A#˭ Fig. 2-1 B ˮA. oryzae-
(α-1,3-TOúŮˁɐʻ­Ĩ agsB.Ȫĝƴ/ΔcreA*üƾ-ǡ³ĕ˦Ɯ-ɶɋ
ŖŬğä>-ǡ³ĕđ-(ˆȐƴ=?; agsB Ȫĝƴ.ƗȐɨɲ,
@*ėĀA(@˭ Zhang et al., 2017; Miyazawa et al., 2016 ˮ.*>ΔcreA
-@ǡ³ĕ˦Ɯ.ɶɋŖŬ.ğä/ɶ³ˇ.ěß-áƮ?ǡ³ĕ˦ƨ«-
@ˁɐ˩Ȑȑƴ.ƽɃ- creAȪĝ/˛ŉ-Ƣá,ğȚ)@*ƣŚA# 




#˭Fig 2-5; Fig. 2-6 ˮ.*>ΔcreA)/ agsB.țȊˇ.ěß-®ɒɩĜ
.α-TOˇěß#*ȭąAΔcreA / agsB Ȫĝƴ*/Ț,?α-TO
ˇ.²-=?ɶɋŖŬğä#.)/,*ɦ>A#Ɨα-TO
ªĠ.ɒɩĜƽŮġɊ)@Qd<β-TO.ˇ<!A>.úŮˁɐʻ­Ĩ.ț











 !)ΔcreA -@α-TO.ɶɋƃȤť.ǁƆ-/amyD .țȊˇˆȐ
ƴ=?; 50 ½ªěß(#*ˏ(@;.*ũ#˭Fig. 2-8 ˮA
7)- A. nidulans-( amyD˩țȊ#ɖƮǡ³ĕ˦Ɯ-ˆȐƴ=?;Ļ
,yehȆ.ɶɋŖŬDȭɒɩĜ.α-TOˇ;²#*>AmyD
/α-TO.Óʋ-ˏ@*ƚ>-,%(@˭He et al., 2013 ˮ>- A. 
niger-( AmyDNaT)@ AgtA/α-1,4-glucanotransferaseǜťDƢ@
*ėĀA(?7# A. wentii.ɒɩĜ.α-TO/ɍ 100¼.TW]
α-1,3 ɖú)ʱɖ()#TW]ˋα-1,4 ɖú.TW]ˋD¦(ǂ*
ʱɖ()#Ƞˋ-=%(ƽŮA(@*ƚ>-,%(@˭Van der Kaaij 
et al., 2007; Choma et al., 2014 ˮª.*>amyD˩țȊ@*)α-TO
Ë.α-1,4 ɖúʴÜ-ÔƔAȦˋˌ.α-TOġˇ-Ȑ@øɪťɦ
>A#˫ɶ. amyD ˩țȊƴ/ΔcreA*üƾ-pvȆ-ɶɋŖŬğä>-
Congo Red ò0 Calcofluor white 3.ūöť˩7%#*>A. nidulans. amyD
˩țȊƴ*üƾ-α-TOˇǨļ(@*ũA#˭ Fig. 2-10; Fig. 2-11 ˮ
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ũ-ó( amyD˩țȊƴ*ˆȐƴˎ)α-TOˇ-Ģ,ņ/ʔ:>A









-,%(@˭He et al., 2017 ˮA7)- 5ˬ}h]Dþ9 YPĕđ) 48Ɯˎ
ĕ˦#ɶ³DȒ#}ISGIʋƫ.ɖƮɰāǢ*-α-TOj`ʻ­





 ƦȨȸ-( CreA/ amyD.țȊDØŞ@*ƚ>-,%#ɒɩĜ.
α-TO/ĕ˦Ùƣ*Ǌʦ(śƣ)Ǩļ@* Zhang >-=%(ƚ>-
AǺɐǭưǦ@ĕ˦śƣ)/α-TODÓʋ(Ǻɐǭ*(×Ȓ@øɪť
ɦ>A#˭Zhang et al., 2017 ˮ>-A. nidulans-( amyD/ĕ˦śƣ)ț
Ȋˇěß@*>ǺɐǭưǦ@ĕ˦śƣ-( AmyD /α-TO.





ėĀA(?A. nidulans -( creA ğȚƴ/QdÓʋˁɐ.ǜť˩,




˭Nakamura et al., 2006 ˮ!)¥ś/əƜȝ, amyD.țȊʋƫDɽ*) AmyD




























             (A) 
 










Fig. 2-1 Growth on agar plate and in submerged culture. 
 Each strain was grown on YP plus 1% maltose agar plate for 48 h (A) or in liquid YP medium 
containing 1% maltose and dry mycelia weight was measured (B). The values represent the 























WT	 ΔcreA	 DcreA+creA	 ΔcreB	
24 h 
48 h 
WT ΔcreA ΔcreB ΔcreA 
+ creA 
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     (A)  
 
       (B) 
 
Fig. 2-2 Hyphal morphology in submerged culture. 
 Each strain was grown in liquid YP medium containing 1% maltose for 24 h (A) or 12 h (B). 











Fig. 2-3 Drug sensitivity test. 
 Each strain was grown on YP plus 1% maltose agar medium containing 30 µg/ml calcofluor 
























Fig. 2-4 Fraction scheme of cell wall using hot-water and alkali treatment. 
 
  
Mycelial powder (0.5 g) 
Supernatant
Hot-water extraction 
 Extraction with 40 mL 0.1 M phosphate buffer (pH7.0),   
   autoclaving (120	, 60 min), centrifugation 
 Supernatant collected and pellet re-extracted as above 
 Supernatant combined and pellet retained
Pellet
Alkali extraction 








 Dialysis against water
Pellet
Precipitation
 Suspended in water 
 Neutralization 





chitin and β-glucan 
Precipitation
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  (A) 
 
 
  (B) 
 
 
Fig. 2-5 Comparison of cell wall components  
 Each strain was grown in liquid YP medium containing 1% maltose for 24 h and cell wall 
components were fractionated. The yield of each fraction was represented as the percentage of 
the total dry weight (A) and monosaccharide composition in each fraction was determined (B) 
(GlcN, glucosamine; Gal, galactose; Glc, glucose; Man, mannose). The values represent the 
means of triplicate experiments with standard deviation indicated by error bars. (*p<0.05; 
Student’s t test) 
 
 
Strain HW AS1 AS2 AI
WT 34.5 (±3.5) 13.4 (±3.9) 13.0 (±0.5) 39.1 (±0.7)









































































Fig. 2-6 Expression levels of α-1,3-glucan synthase genes. 
 Each strain was grown in liquid YP medium containing 1% maltose for 24 h and expression 
levels of α-1,3-glucan synathase genes (agsA, agsB and agsC) were determined by quantitative 
RT-PCR. The values represent the means of triplicate experiments with standard deviation 




























































































Fig. 2-7 Expression levels of cell wall-related genes. 
 Each strains was grown in liquid YP medium containing 1% maltose for 24 h and expression 
levels of cell wall-related genes were determined by quantitative RT-PCR. The values represent 
the means of triplicate experiments with standard deviation indicated by error bars. (*p<0.05, 





























































































































































































































































































































Fig. 2-8 Expression levels of α-glucan synthase gene cluster. 
 Each strain was grown in liquid YP medium containing 1% maltose for 24 h and expression 
levels of α-gluan synthase gene cluster (amyD and amyG) were determined by quantitative 
RT-PCR. The values represent the means of triplicate experiments with standard deviation 

























































































Fig. 2-9 Construction of amyD deletion and amyD overexpression strains. 







































control  2.3 kb 
ΔamyD / ΔcreAΔamyD 3.2 kb  
 PenoA amyD   TagdA
 niaD 




















































Fig. 2-10 Hyphal morphology of amyD deletion and amyD overexpression strains in 
submerged culture. 
























Fig. 2-11 Drug sensitivity test of amyD deletion and amyD overexpression strains.  
 Each strain was grown on YP plus 1% maltose agar medium containing 30 µg/ml calcofluor 
white or 200 µg/ml Congo red for 48 h. 
(−)
Calcofluor 






















Fig. 2-12 Comparison of cell wall components of amyD deletion and amyD overexpression 
strains. 
 Each strain was grown in liquid YP medium containing 1% maltose for 24 h and cell wall 
components were fractionated. The yield of each fraction was represented as the percentage of 
the total dry weight (A) and monosaccharide composition in AS2 fraction was determined (B) 
(GlcN, glucosamine; Gal, galactose; Glc, glucose; Man, mannose). The values represent the 
means of triplicate experiments with standard deviation indicated by error bars. (*p<0.05, 
**p<0.01; Tukey-Kramer method) 
 
Strain HW AS1 AS2 AI
WT 34.5 (±3.5) 13.4 (±3.9) 13.0 (±0.5) 39.1 (±0.7)
ΔcreA 33.6 (±2.8) 10.4 (±2.9) 9.3 (±0.3) 46.8 (±0.3)
ΔamyD 33.4 (± 0.90 6.6 (± 0.2) 24.9 (± 0.5) 35.1 (± 1.3)
ΔcreAΔamyD 24.5 (± 0.7) 7.7 (± 0.4) 17.0 (± 0.6) 50.9 (± 0.5)




































































Fig. 2-13 Molecular weight of α-glucan. 
 Each strain was grown in liquid YP medium containing 1% maltose for 24 h and cell wall 
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 Ʀȼ)µȒ#ɶƴDª-ʏ#ΔligD ò0ΔcreB /v]~i˭pUC-niaD-sC




 Ʀȼ)µȒ# PCRvI}Dª-ʏ# 
 
3-2-3) ĕđ 
Czapek-Doxĕđ˭ ơĻĕđˮ˱ 0.1% polypeptone, 1% maltose, 7 mM KCl, 11 mM KH2PO4, 
2 mM MgSO47H2O, 1×Trace elements 
 ȟȝ-Ţ( 0.1% polypeptoneD§.Ⱥɐǭ-ğƟ# 
 
3-2-4) }ISGIʋƫ 
 }ISGIʋƫ/ Tamano>.Ɨǖ-Ŝ%#˭Tamano et al. 2008 ˮ 
˭1ˮmRNA.ɉʃ 
 mRNA.ɉʃ-/OligotexTM-dT30<Super>mRNA Purification Kit˭ TaKaRaˮDȒ
Table 3-2 Nucleotide sequences of primers 
Primer name Nucleotide sequence (5'-3')
amyB qRT-PCR sen TACTATCCACTCCTCAACGC
amyB qRT-PCR anti TGAATGCTGCGACGTTCTTG
histoneH4 qRT-PCR sen  CAAGCGTATCTCTGCCATGA
histoneH4 qRT-PCR anti CACCGAAACCGTAGAGGGTA
acuF up sen TGGTCTGTGACGGTTAGC
acuF up anti AnpyrG GAGCCCAAGGCGCTGCAGCAGGAAGTCCAGAAGGCGTTTC
acuF down sen AnpyrG GCGGGGATGGAGATCTCGACCTCTATATTGCATGGCGTG





ΔligD+sC+niaD ΔligD::loxP; sC+; pyrG+; niaD+ This study
ΔcreA ΔligD::loxP; ΔcreA::sC; pyrG+; niaD+ Ichinose et al. (2014)
ΔcreB+sC+niaD ΔligD::loxP; ΔcreB::pyrG; sC+; niaD+ This study
ΔacuF ΔligD::loxP; ΔacuF::pyrG; sC-; niaD- This study
ΔcreAΔacuF ΔligD::loxP; ΔcreA::pyrG; ΔacuF::pyrG; niaD - This study
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#į˨Ɨǖ˭0-2-14ˮ-Ŝ%(ŸÒ# total RNADȒ(1.5 mlʷŠdu-ª
.óŢǡDʗƑ# 
Total RNA (0.5-1 mg) X µl 
2Binding Buffer 150 µl 
OligotexTM-dT30<Super> 15 µl 
RNase free water (150-X) µl  
Total  315 µl 
 ʗƑ#óŢǡDȷ<-ƈŹ70	) 3Óˎßǿ@*) RNADğť#
śİǫ) 10 Óˎ˚ɢ@*) OligotexTM-dT30 * mRNA DnIucI`[
#4	15,000 rpm ) 5ÓˎʷŠ(ǥD˔ï#śWash Buffer 350 µl)
Ǒǈ*(ŝ>A# OligotexTM-dT30 Dŭǵ#śQeh-¨ŀ(#]sO
_eh-ŭǵǡDȲ4	15,000 rpm ) 30ȱˎʷŠ#Oev>Wash Buffer
D˔ïÌ0Wash Buffer 350 µlDß(ǑǈDŭǵ4	15,000 rpm ) 30ȱˎ
ʷŠ#ODƖ]sOȒʷŠdu-Ȳ: 70	-ßǿ(
# RNase free water 50 µl ) OligotexTM-dT30D=ŭǵ-İǫ) 15,000 rpm
30ȱˎʷŠ(mRNADǰÒ#Ì0 70	-ǿ(# RNase free water 50 µl 
Dß( OligotexTM-dT30Dŭǵ#śüƾ-(ʷŠŝ>A# mRNAǰǡ.Ƕ
ŏD Nano dropDȒ(Ǭĭ#mRNA.Ƕŏ 100 ng/ µl.Ęú/LbmǑ
ǈÑȌ-=?Ƕɟ# 
(2)|]hxTǖ 
 |]hxTǖ-/CyScribeTM Post-Labelling Kit˭GE HealthcareˮDȒ# 
i) G~mGƿʚ cDNA.úŮ 
 (1))ɉʃ# mRNADȒ(ª.óŢǡDʗƑ# 
 ɉʃǧ8 mRNA (1 µg) X µl 
 Randam nanomer primers 1 µl 
 Anchored oligo(dT) primer 1 µl 
 RNase free water (9-X) µl 
 Total 11 µl 
 ʗƑ#óŢǡDȷ<-ǣú70	) 5ÓˎóŢ#İǫ- 10Óˎ˚ɢ
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#ś Ù-ǣú(#ª.óŢǰǡDß42	) 90ÓˎóŢ# 
5CyScribe Buffer 4 µl 
0.1 M DTT 2 µl 
CyScribe nucleotide Mix 1 µl 
CyScribe Amino Allyl dUTP 1 µl 
CyScribe reverse transcriptase 1 µl 
Total 9 µl 
 óŢɓśmRNADÓʋ@#:- 2.5 M NaOH 2 µlDß( 37	) 15Óˎó
Ţ#!- 2 M HEPES 10 µl Dß{feS])=ǣĂśǎ-˚ɢ# 
ii) CyScribe GFX Purification kit -=@ cDNA.ɉʃ 
  CyScribeTM GFXTM Purification kit˭ GE Healthcare DˮȒ( cDNA.ɉʃDɽ,%#
Qeh-¨ŀ(@WS[du* GFX]sOD_ehCapture 
Buffer 500 µl DǤß#*B-˭ iˮ)úŮ# cDNADÉˇß(syefHT
-=?=ǣĂ#İǫ13,800 rpm) 30ȱˎʷŠWS[du-ǯ
7%# Capture BufferD˔#O- 80%Lbm 600 µlDßİǫ13,800 
rpm ) 30 ȱˎʷŠWS[du-ǯ7%# 80%LbmD˔Ɖ´D
ʍ 3 Ċɽ*) cDNA .ǛǞơś-ĬÉ- 80%LbmDõ?˔#:-İ
ǫ13,800 rpm) 10ȱˎʷŠ#Ɩ 1.5 mlʷŠdu-OD_eh
0.1 M Sodium bicarbonate 60 µl Dß(İǫ) 5Óˎ˚ɢ#İǫ13,800 rpm) 1
ÓˎʷŠ@*)ɉʃ# cDNAǰǡDĊô# 
iii) CyDye-=@G~mG»˥# cDNA.ƿʚ 
 ˭iiˮ)ɉʃ# cDNAD CyDye NHS Ester.È%# 1.5 mldu-ȠƃßĬ
É-ǰʋ@7)syefHT-=?=ǣú#śʹÇ(İǫ) 90 Óˎ˚ɢ
#4 M Hydroxylamine 15 µl ß(ǣúśÌ0ʹÇ(İǫ) 15Óˎ˚ɢ# 
iv) CyScribe GFX Purification kit DȒ# cDNA.ɉʃ 
 ˭iiˮ*üƾ- CyScribe GFX Purification kit˭GE HealthcareˮDȒ(˭ iiiˮ)ƿʚ
# cDNA .ɉʃDɽ,%#WS[du*]sOD_eh
Capture Buffer 500 ml-˭iiiˮ)ƿʚ# cDNADÉˇßsyefHT-=?=
ǣú#İǫ13,800 rpm ) 30 ȱˎʷŠWS[du-ǯ7%#
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Capture BufferD˔#O-Wash Buffer 600 µlßİǫ13,800 rpm) 30ȱ
ˎʷŠ(WS[du-ǯ7%#Wash BufferD˔Ɖ´Dʍ 3Ċɽ*
) cDNADǛǞơś-ĬÉ-Wash BufferDõ?˔#:-İǫ13,800 rpm) 10
ȱˎʷŠ#Ɩ 1.5 mlʷŠdu-OD_ehO- Elution Buffer 
60 µl ß(İǫ) 5Óˎ˚ɢ#İǫ13,800 rpm) 1ÓˎʷŠ@*)ɉʃ
# cDNA ǰǡDŝ#śʷŠLo|b˭Thermo/SAVANT DNA110 SpeedVac 
Concentratorˮ-=?ĬÉ-ǍÓD˔ï# 
˭3ˮ}ISGI Tip. Activation 
 }ISGI. Tip -/˫ɶGI Tip˭RD-NDJ-NVS12101012ˮDȒ#
ActivationÑȌDɽ,%(, TipDȒ@Ęú/Tip. activationƉ´Dɽ,%#
50 mlʷŠdu- Activation Buffer 40 ml˭ 2SSC, 0.2% SDSˮD´ʃTipDǟǲ
(İǫ) 15Óˎ˚ɢ#TipDßǿǧ8. Activation Buffer-Ȳ( 5ÓˎǾǒ
#TipD Milli-QǍ)ǛǞȹ. 50 mlʷŠdu- TipDÈA(İǫ800 g
) 3ÓˎʷŠ@*) Tip-¨Ȥ#ǍÓD˔#ʹÇD#ȆŬ)ºĩ# 
˭4ˮ nIucI`[ 
 ˭2ˮ)ʗƑ#ƿʚǧ8 cDNA*˭3ˮ) ActivationÑȌDɽ,%# TipDnIu
cI`[#nIucI`[ǰǡ*(ª.óŢǰǡDʗƑ
# 
Milli-QǍ 26.4 µl 
20SSC 10.2 µl 
Formamide 21 µl 
Salmon Testes DNA 0.6 µl 
10% SDS 1.8 µl 
Total 60 µl 
˭2ˮ-( Cy5 )ƿʚ# cDNA -nIucI`[ǰǡ 55 µl Dß(
cDNA DĬÉ-ǰʋ#ś. cDNA ǰǡD Cy3 )ƿʚ# cDNA È%(@
1.5 mlʷŠdu-ß( cDNADĬÉ-ǰʋ#95	) 5Óˎßǿ@*







 ª.Wash BufferD 50 mlʷŠdu- 40 ml&ʗƑ# 
  Wash Buffer 1 : 2SSC0.03% SDS ˭2_ehˮ 
  Wash Buffer 2 : 0.2SSC 
  Wash Buffer 3 : 0.05SSC 
OoP]&#ȆŬ. TipDWash Buffer 1 -ÈA@*)OoP]DĠ
#ƖWash Buffer 1-OoP]ĠA# TipDȲÈAİǫ) 15Óˎȷ
<-ž*#TipDWash Buffer 2-ȲÈAİǫ) 5Óˎȷ<-ž*
#śWash Buffer 3.) TipDİǫ) 5Óˎȷ<-ž*#Milli-QǍ)




 Tip.ȖÄʋƫ-/ʋƫath Gene Pix 4.1ò0]Qj GenePix4000BDȒ# 
]QjDȒ(ȖÄDõ?ʩ8Ǘˌ.xDʸĮğƟ@*)ƚ@DʗƑ





I)ʍɁ(ŝ>A# p¿ 5ˬª*,%#gb.8µȒ# 
 
3-3) į˨ɖƮ 
3-3-1) 0.1% |yvhDȺɐǭ*#ơĻĕđ-@α-G~`Ȑȑť 







)/α-G~`.oi5*E+ʉķ),%#˭Fig. 3-1 ˮ 
 
3-3-2) ȐɨǊʦò0α-G~`ʻ­Ĩ amyB .țȊʋƫ 
 Ȑɨ.ŧä<ˁɐʻ­Ĩ.țȊˇ.²/ˁ ɐȐȑť.².ʅċ*,@A7
)-ΔcreA / YP ĕđ)/Ȑɨ3.ŗ˝/ʉķAα-G~`ʻ­Ĩ amyB .ț
Ȋˇ;ˆȐƴ=?;˩¿Dȭ*Dƚ>-#ơĻĕđ-@ΔcreA
.Ȑɨò0 amyB .țȊˇ3.ŗ˝/ƚ)@!)ΔcreA -(α-G~
`Ȑȑť²#îċ/Ȑɨ.ŧä7#/ amyB.țȊˇ.²-=@;.ʋƫ
@#:-ĕ˦(ŝ>A#ɶ³.Ȁɶ³˅ˇ.Ǭĭò0 amyB.țȊˇDĭˇ PCR
-=?ʋƫ#!.ɖƮ ΔcreA /ˆȐƴò0ΔcreB *üȿ.ɶ³ˇDȭΔcreA
. amyB.țȊˇ/ˆȐƴò0ΔcreB=?;˩¿Dȭ#˭Fig.3-2 ˮ 
 
3-3-3) ĕ˦ǥ. pH.Ǭĭ 
 ˫ɶ.α-G~`/ pH 4 ª)ǜťŤǴ-²@*>ΔcreA /ĕđ
. pH²#*)α-G~`ǜť²#*ɦ>A#˭ Kundu and Das, 
1970 ˮ!)ĕ˦ǥDɕƜȝ-Ċôĕ˦ǥ. pH DǬĭ@*üƜ-
SDS-PAGE-=?α-G~`ȐȑťDʋƫ#ĕ˦ˍħƜ>əƜȝ- pHDǬĭ
#ɖƮˆȐƴò0ΔcreB/ 24Ɯˎ.Ɯǻ) pH 5ÙśDȭ.-ĸΔcreA/ 16
Ɯˎ> 20Ɯˎ-( pHŤǴ-²24Ɯˎ.Ɯǻ)/ pH 4ªDȭ#˭ Fig. 
3-3 A ˮ>-ĕ˦ǥD SDS-PAGEʋƫ-¶#ɖƮˆȐƴò0ΔcreB)/Ɯˎɕ
ʴ*-α-G~`.oiǶ,%(.-ĸΔcreA )/ 20 Ɯˎ.Ɯǻ
)/ʉķA#α-G~`.oi 24Ɯˎ.Ɯǻ)/Ǡĥ(#˭Fig. 3-3 B ˮ 
  
3-3-4) ĕ˦ǥ.Ƣǀ˂.ĭˇ 
 Aspergillus niger /Ƣǀ˂.ȵ)@SL˂Dġˇ-ÓǕȐȑ@*)ĕ˦
 69 
ǥ. pH D²@*>ΔcreA ;ĕ˦ǥ.Ƣǀ˂.ˇěß#*)














©ʙÓʋ-ˏ@ Glutathione S-transferase (AO90003000212)ɊƖȐ-ˏ@
Phosphoenolpyruvate carboxykinase˭ acuF/AO90003000174 ,ˮ+.ʻ­Ĩ.țȊˆȐƴ
=?;ƙ(#˭ Table 3-3 ˮƗʋɊɌˁɐ)@ Enolase (enoA/AO90003000055)
< Pyrophosphate-dependent phosphofructo-1-kinase (pfkB/AO90010000444) .ʻ­Ĩ.ț
Ȋˇ/²(# 
 
3-3-6 Pˮhosphoenolpyruvate carboxykinase˭ AcuFˮ.ʻ­ĨȪĝƴ.´ʃò0ĕ˦ǥ.
pH.Ǭĭ 
 į˨ 3-3-5ˮ.}ISGIʋƫ.ɖƮ>ΔcreA -( Phosphoenolpyruvate 
carboxykinase 	AcuF .ˮțȊˇˆȐƴ=?;ɍ 15½ěß#*)sr˂.Ȑ
ȑˇěß#*ũ#!)į˨Ɨǖ˭ 0-2-12 -ˮŜ%( acuFȪĝƴ˭ ΔacuFˮ
ò0 creA/acuF¡˅Ȫĝƴ˭ΔcreAΔacuFˮD´ʃYZuehǖ-=%(ȟȝ*
#ƴDõŝ)#*DȬʔ#˭Fig. 3-6 A ˮŝ>A#ƴDơĻĕđ-( 24
Ɯˎĕ˦#Ɯǻ).ĕ˦ǥ. pHDǬĭ#ɖƮˆ Ȑƴò0ΔacuF/ pH 5ÙśD
 70 
ȭ.-ĸ(ΔcreAΔacuF/ΔcreA*üƾ- pH 4ª-,%#˭Fig. 3-6 B ˮ 
 
3-3-7) Ⱥɐǭ.ʶ-=@ pH.ğä 
 ΔcreADYPĕđ)ĕ˦@*ơĻĕđ*/Ț,?ĕ˦ǥ/ pH 6ÙśDȭ#*
>ΔcreA/ơĻĕđ-(ȅȚȝ- pH²#*ȭąA#YPĕđ*
ơĻĕđDǊʦ@*Ⱥɐǭ-Ģ,ʶ@*>ΔcreA .ĕ˦ǥ. pH /
Ⱥɐǭ-=%(ğä@*ũ#!)ơĻĕđ˭ 0.1% |yvh70 mM ȫ
˂jhJ1% tSh]ˮ) 24Ɯˎĕ˦ŝ>A#ɶ³D 1%}h]ò
0ùȺɐǭ˭70 mMȫ˂jhJ0.1% OZ~m˂ˮDß#ĕđ-Ȳĕ˦
ǥ. pH DɕƜȝ-Ǭĭ@*)Ⱥɐǭ.ʶ-=@ pH .ğäDʋƫ#!.ɖ
Ʈ0.1% OZ~m˂ĕđ)/ 0.1% |yvhĕđ*üƾ-ΔcreA /ˆȐƴ*Ǌʦ
(ŤǴ, pH.²ʉķA#Ɨȫ˂jhJĕđ)/ΔcreA-@ pH
.²/ʔ:>A,%#˭Fig. 3-7 B, C ˮ 
 >-A7)-˫ɶ-(Ⱥɐǭˤ˧ƨ«-(X˂.Ȑȑťý
@*ėĀA(@*>ΔcreA-@Ƣǀ˂Ȑȑˇ.ěß;Ⱥɐǭˤ˧-
=@;..øɪťɦ>A#˭Knuf et al., 2013 ˮ!)1%|yvhĕđDȒ
(üƾ- pHDǬĭ#ɖƮ0.1%|yvh*üƾ- pH²#*>
pH.².îċ/Ⱥɐǭˤ˧)/,*ȭąA#˭Fig. 3-7 D ˮ 
 
3-3-8) G~m˂.ʶ-=@ pH.ğä 
 į˨ 3-3-7) .ɖƮ>ΔcreA/|yvh<OZ~m˂*G~m˂Dþ9ĕ
đ-( pH ²#*>ΔcreA -@ pH .²-/ĕđ.G~m˂
ˏ(@*ȭąA#!)+.G~m˂ΔcreA . pH .²-ˏ
(@.ʋƫ@#:-Ùĕ˦(ŝ>A#ɶ³DêȺɐǭ*(ùȵG~m
˂D 1 mMþ9ĕđ-(ʕĺD12Ɯˎś.ĕ˦ǥ. pHDǬĭ#!.
ɖƮΔcreA/I[<tKkGk,+.ȅĭ.G~m˂Dþ9ĕđ-(





 Ʀȼ)/0.1% |yvhDȺɐǭ*#ơĻĕđ-(ΔcreA .α-G~
`Ȑȑť²#ʅċDʋƚ@*Dȟȝ*# 
 ΔcreA DơĻĕđ)ĕ˦#ɖƮ YP ĕđ*üƾ-Ȑɨ3.ŗ˝/ʉķAα-G
~`ʻ­Ĩ amyB.țȊˇ;ˆȐƴ=?˩¿Dȭ#˭Fig. 3-1; 3-2 ˮƗɕ
Ɯȝ-α-G~`Ȑȑˇò0ĕ˦ǥ. pH Dʋƫ#ɖƮɰāǢ*-ΔcreA
/Ɯˎɕʴ*- pH ²(α-G~`Ȑȑˇ; pH .²-®%(Ǩļ
@*ʉķA>- pH 4ªDȭ# 24Ɯˎ.Ɯǻ)/ĕđ.α-G~
`ĬÉ-Ǡĥ(#˭ Fig. 3-3 ˮ˫ ɶ.α-G~`/ pH 4ª)ǜťɷ²
@*ėĀA(?˭Kundu and Das, 1970 ˮ>-}ISGIʋƫ.ɖ
Ʈ>˂ťvfG`ʻ­Ĩ.țȊˇΔcreA)/ˆȐƴ=?;ƙ(#*
>˭data not shown ˮΔcreA )/ pH .²-®α-G~`ğťğť#α-
G~`vfG`-=%(ÓʋA#*ȭąA# 
 ΔcreA -( pH ŤǴ-²@îċDȅĭ@#:-ĕ˦ǥ.Ƣǀ˂ˇD
ʋƫ#ɖƮsr˂ġˇ-ȐȑA(?ˆ Ȑƴ*Ǌʦ(ɍ 3½ěß(








Phosphoenolpyruvate carboxykinase˭ AcuF -ˮȤȟ#AcuF/ɊƖȐóŢ-( TCA
ĊʣË)ȐȑA#NQYˀ˂Dz]zLmsr˂-ğƅ@ˁɐ)?







ěß-/ˏ,*ȭąA#˭Fig. 3-6 ˮAcuF ªĠ.ċĨ*(}IS
GIʋƫ.ɖƮ>sr˂DG_hGgqi3ğƅ@ˁɐ Pyruvate 
decarboxylase˭ AO090003000661ˮ.țȊˇΔcreA-(²(@*>¥




#ɖƮΔcreA / 0.1% |yvhĕđ*üƾ- 0.1% OZ~m˂ĕđ-(;
pH²#.-ĸǼǀȺɐ.ȫ˂jhJĕđ)/ pH²,%#˭ Fig. 
3-6 ˮΔcreA -(ŤǴ, pH .²ʉķA#OZ~m˂ĕđ*|yvhĕ
đ/Ê-G~m˂DþE)?>-ΔcreA)/G~m˂.Óʋò0©ʙ-ˏ@









ƚ>-,%(@˭Rodríguez et al., 2004; Fernández-Cañón and Peñalva., 1998 ˮ>
-ΔcreA)/ hlyAò0maiA.NaT)@AO090038000541*AO0900030000212
.țȊˇˆȐƴ=?;ěß(#*>G~m˂©ʙÓʋ-ˏ@ʻ­Ĩ/





@øɪťɦ>A#˭Xiong et al., 2014 
 7#Ʀȼ-@}ISGIʋƫ.ɖƮΔcreA-(ˆȐƴ=?;țȊˇ
²@ʻ­ĨʆÒA#CreA/ɱȝ-ʻ­Ĩ.țȊŴØċĨ*(ǀɪ@
*ȥ>A(?˭Bailey and Arst, 1975 ˮA7)-ʻ­Ĩ.țȊʕĺċĨ*(
CreAǀɪ@*ėĀ/5*E+,A7)- A. nidulans-( CreA.
ȡ¢´ȒċĨ*(ġ.ċĨüĭA(@˭Alam and Kelly, 2017 ˮ>-Ʀ
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Fig. 3-1 α-Amylase production level. 
 Each strain was grown in Czapek-Dox medium containing 0.1% polypeptone and 1% maltose 
for 24 h. α-Amylase activity was measured and total activity was divided by dry mycelia weight   
(A), and culture broth and cell wall-absorbed fraction were mixed and subjected to SDS-PAGE 
analysis (B). The values represent the means of triplicate experiments with standard deviation 




























































Fig. 3-2 Growth and Expression level of α-amylase gene. 
 Each strain was grown in Czapek-Dox medium containing 0.1% polypeptone and 1% maltose 
for 24 h and dry mycelia weight was measured (A). Expression level of amyB was measured by 
quantitative RT-PCR. The values represent the means of triplicate experiments with standard 






































































Fig. 3-3 pH of culture broth. 
 Each strain was grown in Czapek-Dox medium containing 0.1% polypeptone and 1% maltose 
for 24 h, and pH of culture broth was measured (A). Culture broth was subjected to SDS-PAGE 
analysis and production level of α-amylase was observed (B). The values represent the means 
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Fig. 3-4 Organic acid production level. 
 Each strain was grown in Czapek-Dox medium containing 0.1% polypeptone and 1% maltose 
(pH 6.5) for 24 h, and the amount of each organic acid (malate, fumarate and pyruvate) was 
measured. The values represent the means of triplicate experiments with standard deviation 
















































































Table 3-3 Microarray analysis. 
 Wild-type and ΔcreA strains were grown in Czapek-Dox medium containing 0.1% 
polypeptone and 1% maltose (pH 6.5) for 24 h.  
  
Gene Protein ΔcreA / WT ratio
AO090003000661 Pyruvate decarboxylase (A. nidulans pdcA) 0.12
AO090010000444 Pyrophosphate-dependent phosphofructo-1-kinase (pfkB) 0.23
AO090003000055 Enolase (enoA) 0.48
AO090005001404 NADP-dependent isocitrate dehydrogenase (A. nidulans idpA) 1.8
AO090009000557 Malate synthase (A. nidulans acuE) 3.6
AO090113000084 D-aspartate oxidase 5.0
AO090005000592 Fumarate reductase 5.5
AO090038000541 3-hydroxy-3-methylglutaryl-coenzyme A lyase/3 methylglutaconyl coenzyme A hydratase (A. nidulans hlyA) 6.1
AO090003000208 4-hydroxyphenylpyruvate dioxygenase (A. nidulans hpdA) 7.6
AO090003001367 Predicted oxidoreductase activity 12.0
AO090003000210 Homogentisate 1,2-dioxygenase ( A. nidulans hmgA) 12.8
AO090003000174 Phosphoenolpyruvate carboxykinase (A. nidulans acuF) 15.3
AO090011000238 Amino acid transporters 17.9
AO090701000526 Predicted oxidoreductase activity 18.0






Fig. 3-5 Effect of creA deletion on expression level of metabolic-related genes. 

























































Fig. 3-6 Construction of acuF deletion strains and pH of culture broth in acuF deletion 
strains. 
 Scheme and confirmation of acuF gene deletion strains (A). Each strains was grown in 
Czapek-Dox medium containing 0.1% polypeptone and 1% maltose (pH 6.5) for 24 h and pH of 















































Fig. 3-7 Effect of various nitrogen sources on pH of culture broth. 
 Each strain was grown in Czapek-Dox medium containing 70 mM NaNO3, 0.1% polypeptone 
and 1% fructose (pH 6.5) for 24 h, followed by transfer to Czapek-Dox medium containing each 
nitrogen source and 1% maltose, and pH of culture broth were measured at each time point. The 
values represent the means of triplicate experiments with standard deviation indicated by error 
bars. 
 








































































+ 70 mM NaNO3 
+ 0.1 % polypeptone  
+ 1% fructose  
24 h 
Czapek-Dox 
+ nitrogen source 
+ 1% maltose 
12 h 






Table. 3-4 Effect of various amino acid on pH of culture broth. 
 Each strain was grown in Czapek-Dox medium containing 70 mM NaNO3, 0.1% polypeptone 
and 1% fructose (pH 6.5) for 24 h, followed by transfer to Czapek-Dox medium containing 1 





Ile Ser Thr Phe Trp Cys Met
WT 5.7 ± 0 6.0 ± 0.0 5.9 ± 0.0 5.8 ± 0.1 5.9 ± 0.1 6.1 ± 0.0 5.5 ± 0.1
ΔcreA 5.6 ± 0.0 6.0 ± 0.0 5.8 ± 0.0 5.3 ± 0.1 5.2 ± 0.0 5.6 ± 0.2 5.2 ± 0.1
Pro Asn Gln Asp Glu Arg His
WT 5.9± 0.1 5.7 ± 0.1 5.8 ± 0.1 5.9 ± 0.0 5.9 ± 0.1 5.9 ± 0.1 6.2 ± 0.1
ΔcreA 5.7 ± 0.0 5.7 ±0.0 5.6 ± 0.0 5.8 ± 0.0 5.8 ± 0.1 5.3 ± 0.1 5.8 ± 0.0
Czapek-Dox (100 ml) 
+ 70 mM NaNO3 
+ 0.1 % polypeptone  
+ 1% fructose  
24 h 
Czapek-Dox (20 ml) 
+ 1 mM amino acid 
+ 1% maltose 
(pH 6.4 ± 0.1) 
12 h 
−  polypeptone NaNO3 Gly Ala Val Leu
WT 6.0 ± 0.0 4.6 ± 0.2 6.9 ± 0.0 6.0 ± 0.0 5.8 ± 0.2 5.8 ± 0.0 5.3 ± 0.1





CCRˏʱċĨ)@ CreAò0 CreB-Ȥȟ(ȨȸDɽ,%# 









.ȡ¢´Ȓ;ʔ:>A(,˭Alam et al., 2017 ˮª.*>A7).ũ
g*/Ț,?CCR.ØŞ-( CreA* CreB/!A"AȚ,@ċĨ.ØŞDɽ





























shown ˮMalP .Óʋ-/G]dƾbpSʠ CreD * HECT rQdP`
HulAˏ(?TW]ĩĐƨ«-( MalP/ CreDò0 HulA.ʄú
³-=%(rQdäA(ÓʋA@˭Hiramoto et al., 2015; Tanaka et al., 2017 ˮ
.*>CreB / MalP .ɫrQdä-ˏCreB ǁƆƨ«)/ MalP
.ɫrQdäɽCA,*) MalP.Óʋʲɽ@*ȭąA#>
-ΔcreB/ǡ³ĕ˦Ɯ-ɶɋŖŬ/ğä,;..ɒɩĜ.α-TOˇˆ
Ȑƴ=?;Ǩļ#˭ data not shown ˮA. nidulans-(α-1,3-TOúŮˁɐ AgsB
/rQdäA@*ėĀA(?CreB /rQdäA# AgsB .ɫ
rQdä-ˏ@øɪťɦ>A#˭Chu et al., 2016 ˮ!)¥ś/ΔcreB
-@ MalPò0 AgsB.rQdäŏDʋƫ@*)CreBA>.ċĨ.
ɫrQdä-ˏ(@ƚ>-(#7# 0.1%|yvhĕđ
-(ɕƜȝ- pH DǬĭ@*ΔcreA *üƾ-ˆȐƴ; pH Ɯˎɕʴ-#
²@*Ⱦ 3ȼ-(ʉķA#.-ĸ(ΔcreB/ pH5*E+²
,%#>-ɰāǢ*-ΔcreAΔcreB/ΔcreB*üƾ- pH²,








 ƦëĞʘƒȨȸDʮ(˫ ɶ. CreAò0 CreB/ġȵġƾ,ċĨ.ØŞ-ˏ
>- creAò0 creB.¡˅Ȫĝ/ˁɐ˩Ȑȑä-˛ŉ-áƮ@*ƚ>-,







Ichinose S., Tanaka M., Shintani T., and Gomi K. (2014) Improved α-amylase production by 
Aspergillus oryzae after a double deletion of genes involved in carbon catabolite repression. 
Applied Microbiology and Biotechnologyl. 98(1): 335-343. 
 
Ichinose S., Tanaka M., Shintani T., and Gomi K. (2018) Increased production of 
biomass-degrading enzymes by double deletion of creA and creB genes involved in carbon 





Alam MA, Kelly JM. (2017) Proteins interacting with CreA and CreB in the carbon catabolite 
repression network in Aspergillus nidulans. Curr Genet. 63(4):669-683. 
 
Alam MA, Kamlangdee N, Kelly JM. (2017) The CreB deubiquitinating enzyme does not 
directly target the CreA repressor protein in Aspergillus nidulans. Curr Genet. 63(4):647-667. 
 
Barbesgaard P, Heldt-Hansen HP, Diderichsen B. (1992) On the safety of Aspergillus oryzae. 
Appl Microbiol Biotechnol. 36(5):569‒572.  
 
Bailey C, Arst HN Jr. (1975) Carbon catabolite repression in Aspergillos nidulans. Eur J 
Biochem. 51(2):573-577. 
 
Choma A, Wiater A, Komaniecka I, Paduch R, Pleszczyńska M, Szczodrak J. (2013) Chemical 
characterization of a water insoluble (13)--D-glucan from an alkaline extract of Aspergillus 
wentii. Carbohydr Polym. 91(2):603-8. 
 
Chu XL, Feng MG, Ying SH. (2016) Qualitative ubiquitome unveils the potential significances 
of protein lysine ubiquitination in hyphal growth of Aspergillus nidulans. Curr Genet. 
62(1):191-201. 
 
De Assis LJ, Ries LN, Savoldi M, Dos Reis TF, Brown NA, Goldman GH (2015) Aspergillus 
nidulans protein kinase A play an important role in cellulose production. Biotechnol Biofuels. 
8:213 
 
Denton JA, Kelly JM (2011) Disruption of Trichoderma reesei cre2, encoding an ubiquitin 
C-terminal hydrolase, results in increased cellulose activity. BMC Biotechnol. 11:103  
 
 87 
De Vit MJ, Johnston M. (1999) The nuclear exportin Msn5 is required for nuclear export of the 
Mig1 glucose repressor of Saccharomyces cerevisiae. Curr Biol. 9(21):1231‒41. 
 
De Vit MJ, Waddle JA, Johnston M. (1997) Regulated nuclear translocation of the Mig1 
glucose repressor. Mol Biol Cell. 8(8):1603‒18. 
 
Dichtl K, Samantaray S, Aimanianda V, Zhu Z, Prévost MC, Latgé JP, Ebel F, Wagener J. 
(2015) Aspergillus fumigatus devoid of cell wall β-1,3-glucan is viable, massively sheds 
galactomannan and is killed by septum formation inhibitors. Mol Microbiol. 95(3):458-71. 
 
Dowzer CE, Kelly JM. (1991) Analysis of the creA gene, a regulator of carbon catabolite 
repression in Aspergillus nidulans. Mol Cell Biol. 11(11):5701‒9. 
 
Emri T, Molnár Z, Veres T, Pusztahelyi T, Dudás G, Pócsi I. (2006) Glucose-mediated 
repression of autolysis and conidiogenesis in Emericella nidulans. Mycol Res. 110(Pt 
10):1172-8. 
 
Fernández-Cañón JM, Peñalva MA. (1998) Characterization of a fungal maleylacetoacetate 
isomerase gene and identification of its human homologue. J Biol Chem. 273(1):329-37. 
 
Fontaine T, Beauvais A, Loussert C, Thevenard B, Fulgsang CC, Ohno N, Clavaud C, Prevost 
MC, Latgé JP. (2010) Cell wall alpha1-3glucans induce the aggregation of germinating conidia 
of Aspergillus fumigatus. Fungal Genet Biol. 47(8):707-12. 
 
Fukuda K, Yamada K, Deoka K, Yamashita S, Ohta A, Horiuchi H. (2009) Class III chitin 
synthase ChsB of Aspergillus nidulans localizes at the sites of polarized cell wall synthesis and 
is required for conidial development. Eukaryot Cell. 8(7):945-56. 
 
Gomi K, Akeno T, Minetoki T, Ozeki K, Kumagai C, Okazaki N, Iimura Y. (2000) Molecular 
 88 
cloning and characterization of a transcriptional activator gene, amyR, involved in the 
amylolytic gene expression in Aspergillus oryzae. Biosci Biotechnol Biochem. 64(4):816-27. 
 
Gomi K, Iimura Y, Hara S (1987) Integrative transformation of Aspergillus oryzae with a 
plasmid containing the Aspergillus nidulans argB gene. Agric Biol Chem. 51:2549–2555  
 
Hanahan D.(1983) Studies on transformation of Esherisia coli with plasmids. J Mol Biol. 
166(4):557‒580 
 
Hata Y, Ishida H, Ichikawa E, Kawato A, Suginami K, Imayasu S (1998) Nucleotide sequence 
of an alternative glucoamylase-encoding gene (glaB) expressed in solid-state culture of 
Aspergillus oryzae. Gene. 207:127–134  
 
He X, Li S, Kaminskyj SG. (2014) Characterization of Aspergillus nidulans α-glucan synthesis: 
roles for two synthases and two amylases. Mol Microbiol. 91(3):579-95. 
 
He X, Li S, Kaminskyj S.  (2017) An Amylase-Like Protein, AmyD, Is the Major Negative 
Regulator for α-Glucan Synthesis in Aspergillus nidulans during the Asexual Life Cycle. Int J 
Mol Sci. 18(4). pii: E695. 
 
Hiramoto T, Tanaka M, Ichikawa T, Matsuura Y, Hasegawa-Shiro S, Shintani T, Gomi K. 
(2015) Endocytosis of a maltose permease is induced when amylolytic enzyme production is 
repressed in Aspergillus oryzae. Fungal Genet Biol. 82:136-44. 
 
Hoang HD, Maruyama J, Kitamoto K. (2015) Modulating endoplasmic reticulum-Golgi cargo 
receptors for improving secretion of carrier-fused heterologous proteins in the filamentous 
fungus Aspergillus oryzae. Appl Environ Microbiol. 81(2):533-43. 
 
Hynes MJ, Kelly JM. (1977) Pleiotropic mutants of Aspergillus nidulans altered in carbon 
 89 
metabolism. Mol Gen Genet. 150(2):193‒204. 
 
Ichinose S, Tanaka M, Shintani T, Gomi K. (2014) Improved α-amylase production by 
Aspergillus oryzae after a double deletion of genes involved in carbon catabolite repression. 
Appl Microbiol Biotechnol. 98(1):335‒43.  
 
Kanemori Y, Gomi K, Kitamoto K, Kumagai C, Tamura G. (1999) Insertion analysis of 
putative functional elements in the promoter region of the Aspergillus oryzae Taka-amylase A 
gene (amyB) using a heterologous Aspergillus nidulans amdS-lacZ fusion gene system. Biosci 
Biotechnol Biochem. 63(1):180-3. 
 
Karaffa L, Sándor E, Fekete E, Szentirmai A. (2001) The biochemistry of citric acid 
accumulation by Aspergillus niger. Acta Microbiol Immunol Hung. 48(3-4):429-40. 
 
Kato M, Sekine K, Tsukagoshi N. (1996) Sequence-specific binding sites in the Taka-amylase 
A G2 promoter for the CreA repressor mediating carbon catabolite repression. Biosci Biotechnol 
Biochem. 60(11):1776‒9. 
 
Knuf C, Nookaew I, Brown SH, McCulloch M, Berry A, Nielsen J. (2013) Investigation of 
malic acid production in Aspergillus oryzae under nitrogen starvation conditions. Appl Environ 
Microbiol. 79(19):6050-8 
 
Kundu AK, Das S. (1970) Production of amylase in liquid culture by a strain of Aspergillus 
oryzae. Appl Microbiol. 19(4):598-603. 
 
Lockington RA, Kelly JM. (2001) Carbon catabolite repression in Aspergillus nidulans involves 
deubiquitination. Mol Microbiol. 40(6):1311‒21. 
 
Lockington RA, Kelly JM. (2002) The WD40-repeat protein CreC interacts with and stabilizes 
 90 
the deubiquitinating enzyme CreB in vivo in Aspergillus nidulans. Mol Microbiol. 43(5):1173‒
82. 
 
Machida M, Asai K, Sano M, Tanaka T, Kumagai T, Terai G, Kusumoto K, Arima T, Akita O, 
Kashiwagi Y, Abe K, Gomi K, Horiuchi H, Kitamoto K, Kobayashi T, Takeuchi M, Denning 
DW, Galagan JE, Nierman WC, Yu J, Archer DB, Bennett JW, Bhatnagar D, Cleveland TE, 
Fedorova ND, Gotoh O, Horikawa H, Hosoyama A, Ichinomiya M, Igarashi R, Iwashita K, 
Juvvadi PR, Kato M, Kato Y, Kin T, Kokubun A, Maeda H, Maeyama N, Maruyama J, 
Nagasaki H, Nakajima T, Oda K, Okada K, Paulsen I, Sakamoto K, Sawano T, Takahashi M, 
Takase K, Terabayashi Y, Wortman JR, Yamada O, Yamagata Y, Anazawa H, Hata Y, Koide Y, 
Komori T, Koyama Y, Minetoki T, Suharnan S, Tanaka A, Isono K, Kuhara S, Ogasawara N, 
Kikuchi H. (2005) Genome sequencing and analysis of Aspergillus oryzae. 
Nature.22;438(7071):1157‒61. 
 
Minetoki T, Kumagai C, Gomi K, Kitamoto K, Takahashi K. (1998) Improvement 
of promoter activity by the introduction of multiple copies of the conserved region III sequence, 
involved in the efficient expression of Aspergillus oryzae amylase-encoding genes. Appl 
Microbiol Biotechnol. 50(4):459-67. 
 
Miyazawa K, Yoshimi A, Zhang S, Sano M, Nakayama M, Gomi K, Abe K. (2016) Increased 
enzyme production under liquid culture conditions in the industrial fungus Aspergillus oryzae 
by disruption of the genes encoding cell wall α-1,3-glucan synthase. J Biosci Bioeng. 
124(1):47-53. 
 
Nakamura T, Maeda Y, Tanoue N, Makita T, Kato M, Kobayashi T. (2006) Expression profile 
of amylolytic genes in Aspergillus nidulans. Biosci Biotechnol Biochem. 70(10):2363-70. 
 
Nakari-Setälä T, Paloheimo M, Kallio J, Vehmaanperä J, Penttilä M, Saloheimo M. (2009) 
Genetic modification of carbon catabolite repression in Trichoderma reesei for improved 
 91 
protein production. Appl Environ Microbiol. 75(14):4853‒60. 
 
Natasha A. Boase andJoan M. Kelly. (2004) A role for creD, a carbon catabolite repression 
gene from Aspergillus nidulans, in ubiquitination. Molecular Microbiology. 53 (3), 929–940 
  
Nitsche BM, Jørgensen TR, Akeroyd M, Meyer V, Ram AF. (2012) The carbon starvation 
response of Aspergillus niger during submerged cultivation: insights from the transcriptome and 
secretome. BMC Genomics. 13:380. 
 
Noguchi Y, Sano M, Kanamaru K, Takeuchi M, Kato M, Kobayashi T (2009) Genes regulated 
by AoXlnR, the xykanolytic and cellulolytic transcriptional regulator, in Aspergillus oryzae. 
Appl Microbiol Biotechnol. 85:141-154 
 
Obata H, Ishida H, Hata Y, Kawato A, Abe Y, Akao T, Akita O, Ichishima E (2004) Cloning of 
a novel tyrosinase-encoding gene (melB) from Aspergillus oryzae and its overexpression in 
solid-state culture (Rice Koji). J Biosci Bioeng. 97:400–405  
 
Rodríguez JM, Ruíz-Sala P, Ugarte M, Peñalva MA. (2004) Fungal metabolic model for type I 
3-methylglutaconic aciduria. J Biol Chem. 279(31):32385-92. 
 
Ruijter GJ, Visser J. (1997) Carbon repression in Aspergilli. FEMS Microbiol Lett. 
151(2):103-14.  
 
Sato H, Toyoshima Y, Shintani T, Gomi K (2011) Identification of potential cell wall 
component that allows Tala-amylase A adsorption in submerged cultures of Aspergillus oryzae. 
Appl Microbiol Biotechnol. 92:961-969 
 
Schuster A, Tisch D, Seidl-Seiboth V, Kubicek CP, Schmoll M (2012) Roles of protein kinase 
A and adenilate cyclase in light modulated cellulose regulation in Trichiderma reesei. Appl 
 92 
Environ Microbiol. 78:2168-2178 
 
Suzuki K, Tanaka M, Konno Y, Ichikawa T, Ichinose S, Hasegawa-Shiro S, Shintani T, Gomi K. 
(2015) Distinct mechanism of activation of two transcription factors, AmyR and MalR, 
involved in amylolytic enzyme production in Aspergillus oryzae. Appl Microbiol Biotechnol. 
99(4):1805-15. 
 
Tada S, Iimura Y, Gomi K, Takahashi K, Hara S, Yoshizawa K (1989) Cloning and nucleotide 
sequence of the genomic Taka-amylase A gene of Aspergillus oryzae. Agric Biol Chem. 
53:593–599  
 
Tamano K, Sano M, Yamane N, Terabayashi Y, Toda T, Sunagawa M, Koike H, Hatamoto O, 
Umitsuki G, Takahashi T, Koyama Y, Asai R, Abe K, Machida M (2008) Transcriptional 
regulation of genes on the non-syntenic blocks of Aspergillus oryzae and its functional 
relationship to solid-state cultivation. Fungal Genet Biol. 45:139–151. 
 
Tamayo EN, Villanueva A, Hasper AA, de Graaff LH, Ramón D, Orejas M. (2008) CreA 
mediates repression of the regulatory gene xlnR which controls the production of xylanolytic 
enzymes in Aspergillus nidulans. Fungal Genet Biol.45(6):984-93. 
 
Tanaka M, Tokuoka M, Gomi K. (2014) Effects of codon optimization on the mRNA levels of 
heterologous genes in filamentous fungi. Appl Microbiol Biotechnol. 98(9):3859-67. 
 
Tanaka M, Hiramoto T, Tada H, Shintani T, Gomi K. (2017) Improved α-Amylase Production 
by Dephosphorylation Mutation of CreD, an Arrestin-Like Protein Required for 
Glucose-Induced Endocytosis of Maltose Permease and Carbon Catabolite Derepression in 
Aspergillus oryzae. Appl Environ Microbiol. 83(13). pii: e00592-17. 
 
Tonomura K, Suzuki H, Nakamura N, Kuraya K, Tanabe O (1961) On the inducers of 
 93 
α-amylase formation in Aspergillus oryzae. Agric Biol Chem. 25:1–6 
 




Tsuchiya K, Tada S, Gomi K, Kitamoto K, Kumagai C, Jigami Y, Tamura G. (1992) High level 
expression of the synthetic human lysozyme gene in Aspergillus oryzae. Appl Microbiol 
Biotechnol. 38(1):109-14. 
 
van der Kaaij RM, Yuan XL, Franken A, Ram AF, Punt PJ, van der Maarel MJ, Dijkhuizen L. 
(2007) Two novel, putatively cell wall-associated and glycosylphosphatidylinositol-anchored 
alpha-glucanotransferase enzymes of Aspergillus niger. Eukaryot Cell. 6(7):1178-88. 
 
Viniegra-González G, Favela-Torres E (2006) Why solid-state fermenta- tion seems to be 
resistant to catabolite repression? Food Technol Biotechnol. 44:397–406.  
 
Xiong Y, Coradetti ST, Li X, Gritsenko MA, Clauss T, Petyuk V, Camp D, Smith R, Cate JHD, 
Yang F, Glass NL. (2014) The proteome and phosphoproteome of Neurospora crassa in 
response to cellulose, sucrose and carbon starvation. Fungal Genet Biol. 72:21-33. 
 
Yoshimi A, Sano M, Inaba A, Kokubun Y, Fujioka T, Mizutani O, Hagiwara D, Fujikawa T, 
Nishimura M, Yano S, Kasahara S, Shimizu K, Yamaguchi M, Kawakami K, Abe K. (2013) 
Functional analysis of the α-1,3-glucan synthase genes agsA and agsB in Aspergillus nidulans: 
agsB is the major α-1,3-glucan synthase in this fungus. PLoS One. 8(1):e54893 
 
Zhang S, Sato H, Ichinose S, Tanaka M, Miyazawa K, Yoshimi A, Abe K, Shintani T, Gomi K. 
(2017) Cell wall α-1,3-glucan prevents α-amylase adsorption onto fungal cell in submerged 
culture of Aspergillus oryzae. J Biosci Bioeng. 124(1):47-53. 
 94 
 
ĻńȣŒďǅɘɤĻƬĄĤĻłǙ¡ (2015) ˫ɶ Aspergillus oryzae .bpS
















ʻ­ĨŨė[]fĪÓˆƍƀ £ā ã ëĞÏƍƀ Ɩʛ ĽŒ ëĞàƍ
ƀ ǩʽ ƛ ëĞ-ūʙȕ7  
 
ƦëĞʘƒ.ÛƲDőö(#$7#ƪåĢĪĢĪ˓ʨĪȨȸȰ ŢȒşȐ








Ų łȓ » ëĞȍȋĢĪÏƍƀ Ǎʛ ǔ ëĞ-Š=?ūʙȕ7  
 
Ȩȸ-ˏ(ƾ,àʌDʟ?7#˚ ŃȢȻĢĪˣăƳ˦ȰĪʽ ȐȄÓĨŅĪ
Ȩȸİàƍƀ ȓ ȎŇ ëĞ-íŞȮȕ7 
 
 
 
